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Foreword 


Throughout the ages, comets, those extraordinary, wandering celes- 
tial objects that, without warning, shine in the heavens for weeks or 
months, have impressed mankind. The ancient Greeks called them 
KouNtHs, which meant ‘with long hair’ or ‘hair stars’. In other langua- 
ges they were known as ‘broom stars (in English), or ‘tailed stars’ 
(‘staartster in Dutch). The German word ‘Schweifstern’ (‘stars with 


tails’) summarizes their diverse appearance. 


The debate about these celestial bodies has been beset with errors 
and confusion, great ideas and amusing anecdotes. Beliefs and super- 
stitions, art and science have all been influenced by the appearance of 
great comets. They reflect humanity's development and its search for 


explanations for appearances in the heavens. 


The history of this development is described in this book though the 
descriptions of the 30 greatest comets from early modern times to the 
twenty-first century. In choosing these events, astronomical points 
of view were not the only criteria. The aim was to describe the stran- 


ge ideas that had the greatest influence on people in former centuries. 


This book would not have been possible without the help of nume- 
rous individuals. In particular, three people have had a great influen- 
ce: great thanks are due to Hans Gaab, an expert on the astronomical 
history of Nuremberg, who placed extensive materials, books and co- 
pies at my disposal. His help was particularly valuable in the chapters 
on antiquity, the Middle Ages and early modern times. 


Maik Meyer, who holds the record for the most comets discovered 
with the SOHO solar probe, and co-author with Gary W. Kronk of the 
multi-volume Cometography series of books, the world’s most com- 
prehensive documentation on comets, provided extremely significant 


help on discovery data and discovery statistics. Burkhard Leitner, the 


expert on comets on the editorial board of interstellar'um magazine, 


provided the charts of the individual comet apparitions. 


This illustrated work would not have appeared in such an opulent 
edition without the wonderful support from numerous astropho- 
tographers. These included Stefan Binnewies, Karl Brandl, Rudolf 
Dobesberger, Dirk Ewers, Philipp Keller, Michael Kobusch, Bernd 
Koch, Bernd Liebscher, Jiirgen Linder, Norbert Mrozek, Christoph 
Ries, Gerald Rhemann, Jim Shuder, Wolfgang Sorgenfrey, Peter 
Stattmayer, David Thomas and Uwe Wohlrab. For their assistance in 
obtaining picture material, I would also like to thank Prof. Helmut 
Meusinger (Tautenburg Observatory), Dr Holger Mandel (Heidelberg 
Observatory), Dr Uwe Reichert and Dr Axel Quetz (Sterne und Welt- 


raum magazine) as well as Rainer Mannoff and Wolfgang Sorgenfrey. 


I wish to thank Dr Harald Kriger and my editorial colleague Daniel 
Fischer for their critical checking of the chapter on the modern-day 
interpretation of comets. Dr Michael Wenzel checked the sections on 
the history of art. And, by no means last, for their correction of the 
manuscript I want to thank Dr Winfried Neumann, Susanne Schwab, 
Angela Hensel and my wife Renate, who has continually sustained me 


throughout five years of research. 


Erlangen, October 2014 
Ronald Stoyan 


Storm Dunlop, this edition’s translator, wishes to acknowledge the 
help of Chris Caron (on mediaeval German), Francoise Launay (on 
early French observatories), and Jonathan Shanklin and Steve Edberg 


(on cometary science). 
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Using this book 


Text 


The apparitions of 30 comets have been chosen for detailed descrip- 
tion in this book. With one exception, individual appearances of the- 
se celestial bodies are discussed, but Comet Halley is included no fe- 
wer than seven times: every one of its apparitions between 1532 and 
1986 is individually described. 


The text concerning each comet is divided into three sections: 


Orbit and visibility. In this section the apparent path of the comet 
as seen from Earth is described. The changing position of the comet 
against the background of the constellations and the conditions un- 
der which it was visible to Earth-bound observers are reconstructed. 


In addition, specific features of its actual path in space are noted. 


Discovery and observation. The circumstances and the date of the 
discovery of the comet as well as the subsequent observational ac- 
counts by various authors are described and summarized. This is 
where details of the magnitude and length of the tail are to be found, 
and which, for the most part, rely on estimates by visual observers. 
Because, in most cases, it is not possible to calculate any objective 
values, such information may be contradictory. In general, the lon- 
ger in the past the observations were made, the more critically the 
information should be viewed. A list of the sources employed is gi- 


ven in the appendices. 


Background and public reaction. This section deals with the scienti- 
fic findings that relate to each comet, as well as its effect on the gene- 
ral public. Technical terminology is used sparingly, but is, however, 
not completely avoided. A glossary of the most important concepts 


is given on page 218. 


Data 


A table gives the most important astronomical data for each 
individual comet: 

= Designation: The current ofhcial designation of the comet 

» Old designation: The designation of the comet that was 


historically employed 


Discovery data: The first sighting of the comet, according to cur- 
rent knowledge (up to 1580 in the Julian calendar, and from 1581 


in the Gregorian calendar) 


Discoverer: The first to observe the comet, again according to 


current knowledge 


Perihelion date: Date of closest approach to the Sun (up to 1580 


in the Julian calendar, and from 1581 in the Gregorian calendar) 


» Perihelion distance: Distance of closest approach to the Sun in Sun- 


Earth units (astronomical units, 1 AU = 149 million kilometres) 


Closest approach to Earth: Date of the closest approach to the 
Earth (up to 1580 in the Julian calendar, and from 1581 in the 


Gregorian calendar) 


Distance from Earth: Distance of closest approach to Earth in Sun- 

Earth units (AU) 

» Maximum magnitude: The maximum magnitude of the comet ac- 
cording to present-day calculations 

= Maximum length of tail: The greatest observed length of the co- 


met’s tail 


Longitude of perihelion: The angle between the vernal equinox and 


the ecliptic longitude of perihelion 


Longitude of the ascending node: The angle between the vernal 
equinox and the ecliptic longitude of the ascending node of the co- 
met’s orbit 


Orbital inclination: The inclination of the comet’s orbit relative to 


the ecliptic 


Eccentricity: The deviation of the comet’s orbit from a circular form: 


0° = circle; > 0 < 1 = ellipse; 1 = parabola; > 1 = hyperbola. 


Charts 


Each appearance of a comet is illustrated with a chart. This shows the 
course of the object against the sky. The comet's positions and the di- 
rection of the tail are shown at fixed intervals. In addition, the begin- 
ning of every calendar month is indicated. 

The charts also show the position of the comet at its discovery (d), 
at perihelion (P), closest approach to Earth (E) as well as the final ob- 
servation (f). The position of the Sun at perihelion is also indicated. 

For some comets the whole path across the sky between discovery 
and last observation cannot be shown. In these cases, the diagrams 
concentrate on an interval around perihelion and closest approach 
to the Earth. 

Dates are given in the Julian calendar up to 1580, and in the Gre- 


gorian from 1581. 








Cometary beliefs and fears 


Ancient ideas 


During its changes throughout the year, the starry sky always shows 
the same set of constellations. The Moon and the planets follow their 
regular paths. The laws that govern these were discovered early on, 
so they could then be predicted. Comets, by comparison, arrive and 
then disappear again. Unlike the planets, they suddenly appear and 
are unpredictable. They are only ever visible in the sky for a short 
period of time, whether a few weeks or months, and may move over 
long distances in a short time. So they are a chaotic, disruptive ele- 
ment in the night sky, which disturbs the orderly procession of the 
normal movements in the sky. 

According to the Roman philosopher Seneca, the Babylonians had 
already recognised comets as being unique phenomena about 5000 
years ago. They saw them as being fiery bodies or planets. Pythagoras, 
in the sixth century BC, assumed that there was only a single comet, 
that returned, like a planet, and which also belonged to the planetary 
sphere and consisted of the mysterious fifth element (‘quintessence’). 
Hippocrates of Chios agreed. According to him, the tail arose through 
moisture drawn from Earth, which simply reflected sunlight. If the 
comet appeared in the damp north, then it formed a bright tail, and 
if in the dry south, by contrast, none. The Greek philosophers De- 
mocritus and Anaxagoras held that comets arose by planetary con- 
junctions. Heraclides Ponticus held, on the other hand, that comets 
were high clouds reflecting sunlight. 

The Greek astrologer, Epigenes, in the second century BC, distin- 


guished two types: the lower, that were created by eddies in the air, and 


those that arose from vapours. But Apollonius of Myndus believed 
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that comets were planets that came from distant regions of the uni- 
verse, and were visible over only part of their path. He also assumed 
that there were very many of them. 

Aristotle comprehensively eliminated the many competing and 
contradictory theories. His conception of comets, which he crea- 
ted about the year 350 BC, was held for 2000 years to be the answer 
to everything. Aristotle promoted a finite universe. Within the in- 
nermost four spheres lay the Earth, surrounded by spheres of wa- 
ter, air and fire. Above these lay the spheres of the Moon, the Sun 
and the planets. Above everything was the unchanging sphere of 
the fixed stars. 

Comets, according to Aristotle, were part of the lowermost sphe- 
res, and thus were not part of the heavens, but were to be consi- 
dered as weather phenomena (‘meteors’). They were created by va- 
pours from the Earth, that rose when warmed by the Sun and were 
linked with the evaporation of water. If they reached the fourth sphe- 
re, they were ignited by friction, and were dragged into a circular 
path around the Earth. Shooting stars were comets that were parti- 
cularly easily ignited. 

As comets arose from moisture from the Earth, storms and droughts 
followed their appearance. Aristotle maintained that most comets ap- 
peared in the Milky Way, because this would favour terrestrial ‘exha- 
lations’, whereas the Sun and planets prevented them from forming 
near the ecliptic. While most authors in antiquity and the Middle 
Ages followed Aristotle, there were contradictory ideas. In his Na- 
turales quaestiones Seneca opposed Aristotle's view. He also rejec- 
ted Apollonius’s planetary nature of comets, because they appeared 


far from the ecliptic and were not brightest when they were closest to 


In allages and in all cultures, comets engendered anxiety and fear. 


Deptictions from c.1707—-1710. Anonymous (left), Christoph Weigel 
(right) 





the Earth. He envisaged comets, however, as long-lasting bodies that 
were on closed paths, and recommended long-term observations to 
determine their return. 

During the Middle Ages, Aristotle’s views persisted, because they 
were adopted by the Church and were advanced as the expert opini- 
on by influential theologians such as Albertus Magnus (Albert of Co- 
logne). The translation of the Greek text of Meteorologica into Latin 
around 1156 also contributed to this. In this connection, in the thir- 
teenth century, Robert Grosseteste thought that comets were vapo- 
rized fire, attracted from the planets as if by a magnet. Around 1350, 
Conrad of Megenberg held that comets were not just moisture from 
the Earth, but also arose from people's blood, who would thus be 
dried out and ‘heated’. John of Legnano (Giovanni da Legnano) said 


that comets made people choleric in nature. 


Cometary astrology in antiquity 


Among the Babylonians, astronomy was not considered separate from 
astrology, and this was even more applicable to the interpretation of 
comets in antiquity. Seneca himself said “If a rare and extraordina- 
rily formed fiery phenomenon becomes visible, then everyone wants 
to know what it means. Everyone forgets everything else, and asks 
whether the newcomer should be treated as a marvel or something to 
be feared. Prophets soon arise, who generally proclaim it as an omi- 
nous sign, and the thirst for knowledge and the wish to discover the 
truth follows them, as to whether it is a sign of foreboding or mere- 
ly a heavenly body.” 

The belief was widespread that comets were human souls rising from 
the Earth to Heaven, but that only those with power and authority sho- 
ne so brightly that they could be seen from Earth. An example was the 
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comet that appeared after the death of Caesar. Shakespeare drew on 

this for his famous words “When beggars die, there are no comets seen.” 
Pliny the Elder, in his Naturalis Historia, gave detailed instructions 

regarding the astrological interpretation of comets. According to his 

account they generally appeared to the north of the Milky Way. Some 

comets move. Their significance may be drawn from the constellation 

in which they lie, the direction of their tails, and their shape. Ten dif- 

ferent types of comet may thus be distinguished, which are (in Witt- 

stein’s translation): 

= Pogonias: bearded stars, because hanging below them is along beard 
like those of men 

=» Acontias: these are called arrow stars because they move swiftly, and 
their prognostications are swiftly fulfilled 

» Xiphias: sword stars. These are the faintest of all stars, and they shi- 
ne like a sword and throw off small rays 

=» Disceus: disc stars, which, as the name suggests, are disc-like in sha- 
pe, have a bright yellow colour and give off very few rays 

» Pitheus: have the shape of a barrel, with a smoky light within them 

= Ceratis: horn stars, appearing like a horn 

» Lampadias: torch stars, resembling a burning torch 

=» Hippeus: horse stars, horses’ manes that circle them extremely rapidly 

» Argenteus: white comets, with silvery tails, and so brilliant that it 
is hardly possible to look at them; which reveal an image of the Di- 
vine in a human face 


» Hircus: others are rough like wool, and surrounded by a cloud. 


The most influential astrological work was undoubtedly the four 
volumes published by Claudius Ptolemy, known as the Tetrabiblos. 
They formed a complete summary of Greek astrology, supplemented 
by Ptolemy’s own astrological findings. According to this, all appear- 
ances in the heavens - and thus not just comets — could be attribu- 
ted to the planets according to their 
colour. A dark tint was linked to Sa- 
turn, white to Jupiter, red to Mars, 
yellow to Venus and changes in co- 
_ lour to Mercury. The astrological 
significance then corresponded to 
that of the appropriate planet. 

Comets were generally associated 
with Mercury and Mars. Asa result 
they portended wars, hot weather 
and rebellion. The regions of the 
Earth that would be affected could 


A comet was also viewed as a neg- 
ative sign by the Aztec emperor 
Montezuma. He may have pre- 
dicted his fallin a comet of 1519- 
1520. Diego Duran 
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Chinese ideas about comets 


In China comets also had a great astrological significance, 
because heavenly phenomena were supposed to presa- 
ge the country’s fate. The Chinese emperor maintained 
court officials who were both astronomers and astro- 
logers, who constantly observed the heavens and who 
interpreted the signs as advice for the emperor. 


Because the traditional Chinese sky was divided into 283 
constellations, which were much smaller than their west- 
ern counterparts, accurate reconstruction of cometary 
paths is possible. The positions of comets were addition- 
ally given in terms of 28 lunar ‘houses’, whose bounda- 
ries were fixed relative to specific reference stars. Chinese 
cometary observations are, until early modern times, the 
most reliable source of information about cometary ap- 
paritions. Chinese cometary notes before 215 BC were 
largely destroyed. 


In China, too, the astrological significance of comets was 
distinguished by their shape. A list of 29 different types of 
‘broom stars’ was given in one source, said to date from 
168 BC, but the content of which probably originates in 
the fourth century AD. Every shape is linked to specific 
consequences — for example: wars, epidemics, crop fail- 
ures, famine and revolt. Only two forms are reserved for 
positive outcomes, which predict the return of the army 
and a good harvest. 


The severity of the consequences was determined by the 

length of the tail and the comet's lunar house. Chinese as- 
tronomers established, by the seventh century at the la- 
test, that comets tails always pointed away from the Sun, 


be determined from the zodiacal sign in which they occurred, and 
these signs were indicated by the direction of the tail. In addition, 
the shape of the head and the tail could predict the type of misfor- 
tune. The duration of their appearance, and their closeness to the 
Sun would, additionally, indicate the beginning and length of the 
events. Comets appearing in the east therefore led to rapid events, 


whereas those shining in the west to prolonged ones. 


Comets as portents of disaster 
In antiquity, in parallel with the astrological interpretation, the idea 


arose that comets were a sign of negative changes. For one thing, they 


were seen as prodigies, disturbances of order, that had to be re-estab- 
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According to Chinese cometary lore, the types of tails enabled 


conclusions to be drawn about the influence of comets. Most 


tail forms were given a negative interpretation. 


and that comets themselves were non-luminous bodies. 
The accumulated Chinese knowledge about comets was 
superior to the European view until the fourteenth cen- 
tury, but always came with an astrological connotation. 
This has persisted in Chinese popular culture until this day. 
An allegedly unlucky person — and this characteristic Is 
often ascribed to daughters-in-law who are disliked — is, 
as a result, described as ‘comet. 


lished by the general public. But a comet could also be an omen af- 
fecting a particular person or event. Then intervention was required 
to avert the disaster. 

Even Pliny believed that comets were terrifying signs, ‘punishment’ 
that was difficult to avoid: “Tt is thought that their influence depends 
on the region they rush across; the strength of which star they absorb; 
what objects they look like; and where they appear. If they appear like 
flutes, they are related to music; but to obscene matters when they ap- 
pear in the private parts of the constellations; to understanding and 
learning if they form 3- or 4-sided equiangular figures with nearby 
fixed stars; to the making of poisons when they appear in the head of 


the northern or southern Serpent.” 


The Comet Egg 


A particularly absurd product of cometary beliefs even 
involved the Paris Academy of Sciences: In Rome, on 
11 November, according to later reports on 2 Decem- 
ber 1680, a hen, which had never before laid an egg, had 
‘with great noise’ laid an egg that carried a comet-like 
design — just at the time when the Great Comet of 1660 
stretched across the sky. 


Because it was calculated that the ‘wonder’ had appea- 
red at the seat of the Pope, the Protestant pamphleteers, 
iN particular, saw it as an urgent warning to Catholics to 
renounce their old-fashioned beliefs. It was thus eager- 
ly taken up and widely depicted. Even in Paris, this grot- 
esque idea was accepted even though it was explained 
scientifically that it was in no way to be taken as a like- 
ness of the comet — nevertheless people in France wide- 
ly viewed hens as cometary prophets. The event recurred 
just two years later, when a hen in Marburg laid a comet 
egg at the return of Halley's Comet. 


The rulers’ court astronomers, however, did look for positive indi- 
cations from comets, because it was not always clear whether comets 
should be considered part of, or a disturbance of, the divine order. 
Seneca, in his Naturales questiones opposed the interpretation of co- 
mets as presages of disaster. He viewed them as part of the divine or- 
der, that could not be understood by humans. 

In most other cultures around the world, occurrences of comets 
were interpreted as negative signs. Independently of one another, 
the celestial appearances were linked to drought, enemies, illness 
and death. 

The Australian aborigines, for example, became worried at the ap- 
pearance of a comet. It was seen asa bad sign that might portend death, 
malevolent spirits or evil magic. The New Zealand Maoris called co- 
mets ‘Auahi-roa or ‘Auahi-turoa, which meant ‘long smoke’. Among 
the Aztecs, too, who called them ‘citalinpopoca’ (‘smoking stars’), co- 
mets were taken as a sign of disaster. Allegedly, a comet appeared in 
1517 or 1519 before the Spanish invasion. It was, however, initially in- 


terpreted as a portent of the fall of the Aztec culture. 


The Christian fear of comets 


Based on astrological tradition, as well as the belief in portents that 
were held in antiquity, towards the end of the Middle Ages an inter- 


pretation of comets developed that was based on Christianity. Calling 
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A contemporary representation of the ‘comet egg’ and its 

















SOUICE. 


on biblical references, comets were interpreted as a sign from God of 
the imminent end of the world. In the Gospel according to Luke, we 
have: “... there will be great earthquakes, and famines and plagues in 
many places; in the sky terrors and great portents.” (Luke 21:11) And 
in the Revelations of John there are suggestions of comets in the des- 
cription of the end of the world: “... and a great star shot from the sky, 
flaming like a torch...” (Revelations, 8:10). 

In the sixteenth century, driven by the discovery of printing and 
the increasing literacy of the general public, the peak of Christian 
cometary literature occurred. Tidings of new comets in the sky were 
distributed on broadsheets and pamphlets, most equally accompa- 
nied by a scriptural interpretation. These news items fell on fertile 
soil at a time of turmoil and many changes, shaped by the Reform- 
ation and the discovery of America. They also reflected the increasing 
curiosity about phenomena in the heavens, after the ‘Dark’ period of 
the Middle Ages. However, the foundation for the comet literature 
was still the heliocentric Aristotelian/Ptolemaic System, in which a 
comet was interpreted as a short-term disturbance of the unchang- 
ing heavenly spheres, and as such a special sign. 

In German-speaking countries, the broadsheets were, in general, 
printed in the great evangelical centres such as Nuremberg, Augs- 
burg, Leipzig and Frankfurt. The authors, frequently priests, gained 
their living partially from the distribution of these writings, which 


offered excellent possible earnings for little expenditure. In most ca- 
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Astrological comet types 


Pliny had already developed a classification scheme that 
was employed until well into modern times. According 
to Girolamo Cardano there were various types, from the 
appearance of which one could derive the consequen- 
Ces omleaia: 

e Vera: This is very long and thin, accompanies the Sun, 
is terrible and is a mixture of the natures of Saturn and 
Mercury; it destroys crops and states and kills noble- 
men and princes. 


¢ Coenaculum: Another is very large, long and broad, 
and is of the nature of the Moon and signifies 
general evil. 


e Pertica: The third is large and very long (like the first), 
but not as wide (as the second). Both of these two have 
their tails directed away from the Sun, but the third has 
a thick, dense and rounded tail and signifies a shor- 
tage of water and infertility. If it is also linked to Sa- 
turn, then deaths follow among the general popula- 
ce and among old people; if with Jupiter, they will be 
among rulers and high priests; with Mars, great wars 
and many deaths; with the Sun, famous rulers will be 
struck; with Venus, great drought and infertility; with 
Mercury, deaths by mysterious means or secret acts; 
with the Moon, deaths among the general populace. 
It is ike the nature of Mars with the Sun or Mercury. 


Miles: The fourth has a great brilliance like the Moon 
and affects the whole Zodiac through which it pas- 
ses, and it signifies the formation of sects and par- 
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A German coin sho- 
wing the Great Co- 
met of 1618. 

Obverse (left): The 
threat of a comet 
(around rim); A sign 
will appear: Lu(Ke) 21 
Ges ly WC S, (beneath image). 
Reverse (right): God 
grant that the Comet 
star may teach us to 


better our lives. 


ties. It has the nature of Venus and also means great 
drought and infertility and affects the female sex and 
those of youthful age. 


Asconas: The fifth is unprepossessing, of the colour of 
the sky, with a long tail and is of the nature of Mercury. 
It signifies war, the death of outstanding men, serious 
illnesses and, similarly, treachery and violence, bad ti- 
mes, denunciations and similar ills. 


Aurora: The sixth is red and has a long red tail, but not 
SO great as the fifth (Asconas) and is of the nature of 
Mars and signifies heat and drought, famine, war, con- 
flagrations, and generally applies in the hot regions. 


Argentum: The seventh is like pure silver, it flashes 
SO much that it may be seen with the eye only with 
great difficulty. It is of the nature of Jupiter and means 
Changes In reigns and in public life, which are good, 
but which are linked to great confusion, and its size sig- 
nifies rich harvest and foodstuffs, mighty winds and a 
healthy composition of the air. 


Rosa: The ninth is also large and fashioned like a man, 
and its colour is a mixture of the sixth (Aurora) and 
the seventh (Argentum). It signifies the death of no- 
blemen and the mighty, changes for the better and 
is of the nature of the Sun. And if comets appear at a 
great solar eclipse, then they very particularly signify 
strange consequences. 


ses, the observational report was accompanied 
by a biblical quotation, followed by an interpre- 
tation of the phenomenon. Characteristically, 
they ended with a call for penance, because the- 
se were promoted by evangelical authors, given 
that Martin Luther saw comets as ‘the work of 
the Devil’. But Catholic sources also fostered an- 
xiety about comets. 

The broadsheets catered for the readers’ mood 
in a way similar to modern sensational journal- 
ism. So, on the one hand, they fed anxiety over 
the negative consequences of comets, and on the 
other, simultaneously, fulfilled the desire for en- 
tertainment. In the end, curiosity about the mea- 
ning of inexplicable events was also satisfied. Ac- 
cording to circumstances, however, a mixture of 
scriptural and astrological interpretations was 
also present, if they fitted in with the author’s 
conception of the world. 

On the broadsheets, comets were described as 
‘the scourges of punishment or ‘torches of wrath’. 
They were a sign from God to Man and required 
penance and changing one’s ways. David Herlitz, 
one of the most active authors of the broadsheets, 
wrote in 1619: “So this comet is like an obvious 
sign that Almighty God has displayed or revea- 
led, in which He shows us the scourge and the 
threat of his wrath, with which He will strike all 
those that do not perform a true penance, and 
whom he will cast into the Fire.” Other signs in 
the sky such as fireballs, halo phenomena and 
polar aurorae were similarly viewed. Cometa- 
ry apparitions, however, remained the most sig- 
nificant signs, because they appear to everyone 
at the same time and are visible for a few days 
or weeks. Alongside the broadsheets, cometary 
sermons were delivered and peals of bells were 
sounded, to assuage God's wrath. 

The peak of Christian fears focussed on comets 
in Germany was reached at the time of the Thirty Years’ War. Three 
bright comets were in the sky in the year it began, 1618. They were 
initially seen as a sign of the defeat of the opposing side, and only af- 
ter the war were they taken as a portent for the war as a whole. 

In the second half of the seventeenth century, comets were stron- 
gly regarded as omens of new evils. After 1577 and 1618, the great 
comets of 1664 and 1680 produced a major response. In this, the 
troubled times played a large part, such that it was claimed that the 
danger from the invading Turks was indicated by comets. In the 
broadsheets, comets were often depicted in the form of a scimitar. 
In 1680 the Great Comet hung over the besieged city of Vienna. It 


was alternately taken at a sign of the downfall of the Ottomans or 





Astrological (top) and Christian (bottom) themes regarding fear of comets. Whereas 


astrology saw in a comet itself the cause of a disaster, in the Christian interpretation 
it was taken with other celestial signs as a warning of the approaching Apocalypse. 
S. Lubinietzky (top), Anonymous (bottom) 


the menacing danger of war, which could be lifted by penance and 
amendment. Even extraordinary phenomena such as the appearan- 
ce of a hen’s egg that showed the image of a comet, were seen in the 
light of a Christian interpretation. 

It was not until the eighteenth century that these publications about 
such marvels came to an end, thanks to the results of astronomical 
research, which increasingly unlocked the nature of these myster- 
ious comets. By the predicted return of Halley’s Comet in 1759, they 
had largely died out. 


Hh) 


Early modern astrological interpretations 


Cometary astrology, based on Ptolemy's Tetrabiblos reached a peak in 
early modern times. The view was widespread that comets signified 
a change, which was dependent on the constellations in which they 
appeared and through which they passed. The interpretations were 
thus similar to those concerning the planets. Classification depended 
on their colour or the star near which they were discovered. Red co- 
mets were particularly popular, which were identified with Mars, or 
comets with dark, yellowish tails, which were identified with Saturn. 
Individual cometary phenomena had particular influence on count- 
ries that were ruled by the corresponding zodiacal sign. 


Factors of astrological significance: 


magnitudo: the brighter a comet, the greater its effects 


color: an indication of the corresponding planet 


splendor: the greater its brightness, the greater its effects 


= forma: the shape of the comet according to Pliny 


diuturnitas: the duration of visibility would be crucial for the dura- 
tion of its effects, consequently various conversion factors were given 
=» locus: the constellation in which the comet appeared. Earth signs 
led to drought; water signs to floods; air signs signified revolts; and 


fire signs war 


motus: the direction and velocity of the comet indicated the 


regions affected 


habitus ad solem: the position of the comet relative to the Sun in- 
dicated the start of its effects: these arrived quickly with comets to 


the east of the Sun, and slowly for those west of the Sun 


situs orbi: the projection of the comet's path onto the Earth indica- 


ted the regions affected 


Kepler, who alongside his pioneering astronomical discoveries, also 
practised as an astrologer, summarized the multitude of factors invol- 
ved: “standstill or velocity; location of the tail; colour; brightness or 
darkness; an orderly or irregular motion; how and also from which 
heavenly house or sign it emerges; whither it is headed; where it va- 
nishes; which constellations were at its beginning and end; how long 


it persisted; the locations over which the head passed, and which loca- 
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tions or birth horizons coincide with its path, together with all other 
such things.” Kepler did not see comets as completely deterministic, 
but rather as a disruption of heavenly harmony. Comets were sent by 
God. Generally speaking, it could be held that ‘Comets, wars, pesti- 
lence, price rises, earthquakes, droughts (or on the other hand, floods) 
commonly arrived together. 

The astrological view contradicted and was openly in conflict with 
Christian teaching, in which God alone could foreordain fate, and 
not phenomena in the heavens, and also that a man’s actions had an 
influence on his fate. Nowadays, comets have hardly any significance 
in astrology. The German astrological portal astrowiki.de states: “The 
significance of comets as a fascinating heavenly phenomenon is pro- 
bably greater than their astrological relevance.” 

Many astrologers, however (even today), view comets as a sign of 
changes on the personal and political level. Comet Kohoutek in 1974 
was linked to the coup d'etat in Chile, for example, as indicated by its 
discovery in the constellation of Sagittarius. Its influence was also seen 
as negative for Portugal, because the ‘national sign’ of Pisces, together 
with the location of the comet, determined the loss of the colonies. In 
1986, Comet Halley was linked to the Chernoby] disaster. With Hale- 
Bopp in 1997, astrologers drew parallels with Dolly, the cloned sheep. 


Modern conspiracy theories 


Even after the decline of astrological interpretations and of the belief 
in marvels, there are still rather daring claims made about comets. In 
1773, for example, there was a mass panic in Paris, after the rumour 
went around that the astronomer Jéréme Lalande had predicted the 
impact of a comet in a talk that he gave. In 1910, there was panic and 
suicides when the Earth passed through the tail of Comet Halley, and 
the cyanide compounds that had been discovered in it shortly before 
were thought to be likely to kill people. And, sadly, it is still fresh in 
our memory with the mass suicide of members of the Heaven's Gate 
sect, who interpreted Comet Hale-Bopp as the divine vehicle to carry 
them to the beyond, after American conspiracy fanatics maintained 
that the comet was being followed by a Saturn-like spaceship, shown 
on photographs — however, this was simply a diffraction effect cau- 


sed by the optics that were used. 


Comets in art 


In contrast to the popular perception by which the appearances of 
bright comets were particularly significantly regarded in all ages, when 
it comes to comets as a motif in the visual arts, they appear only occa- 
sionally. This apparent contradiction is based on the clear restriction of 
their role as harbingers of disaster and portents, by which comets were 
regarded until early modern times. Their significance as negative signs 
was so strong that they could not be represented in any other context. 
Back in antiquity, comets were not shown in art, being firmly lin- 
ked, in iconological terms, to astrology. The few representations of co- 
mets were stylized images on coins that were struck at the death of Ju- 


lius Caesar. Other rulers also had coins struck with comets as a motif. 


The Middle Ages 


In the Middle Ages, comets, because of their negative connotations, 
were excluded from art. In particular, they could not be employed 
to symbolize the Star of Bethlehem. In many sources the few repre- 
sentations of the Star of Bethlehem as a comet were condemned, 
despite it not being possible to substantiate this assertion. Among 


these representations is one on an ivory panel on the throne of Max- 











imian, Bishop of Ravenna, dated to the years 540-545 AD. There, a 
very stylized representation of the Star may be seen above the scene 
of Christ’s birth. It looks more like a flower than a comet. Because 
the ‘tail’ is also an apparent ornament on other panels, and the con- 
notation associated with a cometary subject contradicts the inten- 
ded significance, we can be fairly certain that a comet is not inten- 
tionally depicted here. 

A similar case applies to the set of mosaics by Pietro Cavallini 
(1250-1330) in the church of Santa Maria at Trastevere (in Rome), 
which have been dated to 1291. Here the Star is depicted with three 
rays pointing towards the Christ-child. This is probably intended 
as a symbol of the Trinity. Because rays around stars in paintings 
from the Middle Ages should not be taken as physical features, but 
instead have an iconographical significance, again this should not 
be seen as the image of a comet. 

The famous depiction of Halley’s Comet on the Bayeux Tapestry, 
which has been dated to 1291, should be seen in a quite different 
light. The Tapestry, 70 m long and 50 cm wide, illustrates events sur- 
rounding the Battle of Hastings in 1066, when the Norman, William 
the Conqueror, wrested the English throne from the Anglo-Saxon 


< A Roman denarius with the image of the Emperor Augustus 
and a depiction of the comet of 44 BC, symbolic of the divinity of 
the Julian family. 


Vv The Bayeux Tapestry (detail) with the representation of Hal- 
ley's Comet of 1066 (left). In contrast to this the star shown on the 
Maximian Throne in Ravenna is nothing like a comet (right). 
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king, Harold. A highly stylized comet is depicted on the join bet- 
ween panels 32 and 33, representing Harold’s downfall. The inscrip- 
tion above reads “Isti mirant stella” (‘they marvel at the star’). The 
representation of the comet is notable, because there is a gap bet- 
ween the head and the tail. Is this showing one of Comet Halley’s 
typical breaks in the tail? (See, for example, the photos on page 182.) 
The first true, not stylized, representation of a comet is found in 
the famous fresco Adoration of the Magi by Giotto di Bondone 
(1266-1337), which forms part of the decoration of the Arena Cha- 
pel (Cappella degli Scrovegni) in Padua. It has been dated to 1303- 
1306. Giotto is rightly regarded as the person who revived the art 
of painting. For the first time he showed the Star of Bethlehem as a 
comet. The comet is shown with naturalistic features, which may 
be ascribed to Giotto’s own observation of Halley’s Comet in 1301. 
This representation contradicted the biblical interpretation as a 
‘good star’, because comets were seen as bad omens. A copy of this 
scene, also with the depiction of a comet, is found in the church 
of St Francis in Assisi. The scene of the Nativity (or the Adoration) 


was reproduced here in 1315. 


Halley's Comet in 1456, atempura miniature illustration from the 
Lucerne Chronicle, 1507-13. Diebold Schilling 
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Early modern times 


One of the few additional works of religious art that depicts a link 
with comets is the oil painting The Birth of Christ by Hans Baldung 
(a.k.a. Hans Baldung Grien, 1484-1545). This shows a stylized small 
comet above the thatched roof of the Nativity’s stable. The tail points 
towards the Christ-child’s head. This representation definitely ori- 
ginated as a result of the influence of the Great Comet of 1471. The 
oil painting The Flight from Egypt in the Schottenkirche in Vien- 
na, by some unknown master, dates from the same period. This de- 
picts another naturalistic representation, which is probably also re- 
lated to the Great Comet of 1471. 

This is in contrast to the ordinary artistic depiction of comets. 
One of the most famous works is Melencolia I of 1514 by Albrecht 
Durer (1484-1545). Durer adhered closely to the astrological inter- 
pretation current in his time. According to this, melancholy was 
a property of Saturn. The comet in the background is exemplary 
in showing its connection to that planet. It is thus rather pale and 
hangs above the sea, which symbolizes the water sign ruled over by 
Saturn. Its location under the rainbow, however, refers to Christia- 
nity’s superiority to astrology. In addition, Dtirer depicted the co- 
met in a stylized manner. 

At about this period between 1507 and 1513, tempera miniatures 
appeared in the Lucerne Chronicle, painted by Diebold Schilling (c. 
1460—1515). These harked back to the Nuremberg Chronicle, which 
depicted the comet of 1471 (although in popular form), and show- 
ed four differing images with comets. They depicted cometary phe- 
nomena for 1400 (the image shows the crusade against the Turks in 
1394 as well as the outbreak of the plague); for 1456 (the earthquake 
at Naples is shown and a rain of blood over Rome, with the birth of 
monstrosities being additionally shown in the foreground); for 1471 
(the theme here is drought and war, with the depiction of a funeral 
procession); and for 1506 (floods, landslides and ruined harvests are 
shown). The depiction of the comets is stylized, but at the same time 
very imaginative. The tails always point down towards the ground, 
to emphasize the link with the Earthly events below. All link comets 
with negative events. In Schilling’s drawings we can see the rende- 
ring of popular beliefs and a precursor of the later comet broadsheets. 

These arose with the introduction of printing towards the end of 
the fifteenth century. The appearances of bright comets were turned 
into a sort of sensational literature, with astrological or Christian 
significance. On them, comets were more-or-less stylized or distor- 
ted as a sword or ‘scourge of God’, to convey this message. Comets 
also gained popularity as a typical theme for depictions of the Apo- 
calypse and in the iconology of vanity. As a result, they are hardly 


ever found in any other setting in art from the fifteenth to the eight- 


> The Adoration of the Magi, a fresco in the Arena Chapel in Pa- 
dua, 1303-06. Giotto di Bondone 























Comet. Oil painting, c. 1711. Donato Creti 
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The Comet of 1680 over Rotterdam. Oil paint- 
ing, 1681. Lieve Verschuier 


eenth centuries, and were, in addition, not suit- 
able for the subject of the Star of Bethlehem in 
the religious context. These broadsheets persis- 
ted until the middle of the eighteenth century. 
From this period on, the accuracy of the depic- 
tions of cometary form increased and, simulta- 


neously, stylization decreased. 


The Enlightenment and Romantic periods 


From the second half of the seventeenth century, in parallel with the 
scientific discoveries, the topic of comets broke free from its astro- 
logical significance. In the oil painting of the Great Comet of 1680 
over Rotterdam by Lieve Verschuier (1634-1686), there is no longer 
any symbolic content in the foreground, but rather an impression of 
the celestial phenomenon itself. Curiosity about the comet predomi- 
nates rather than fear. The observers in the foreground are holding 
cross-staffs, which were used for the determination of astronomical 
positions — a symbolic indication of comets as celestial bodies sub- 
ject to scientific examination. Verschuier’s painting is not an exact 
reproduction, however, but a form of summary of features that the 
comet showed at various times. They were subsequently reproduced 
in the painting. 

In an oil painting, produced in 1711, by Donato Creti (1671-1749), 
a remnant of the fear of comets is seen in the demeanour of the wo- 
man in the foreground. Otherwise there is rather a relaxed feeling to 
the painting. This work cannot be ascribed to any particular comet. 

From the eighteenth century, the treatment of comets in caricatu- 
res is observed. Commercial artists used this form of image, above all, 
to make fun of political events. Such images were sold in some shops, 
and at festivities and meetings. Comets thus served simply as a sym- 
bol fora political context, in particular in connection with Napoleon, 
where the classical meaning of comets was employed ironically, with 
the comet predicting his downfall. The Great Comet of 1811, however, 
served as a motif of its own. Some caricaturists used it to poke fun at 
comet hysteria. The publication of caricatures continued for the co- 
mets of 1842 and 1858, but at the same time, with the appearance of 


widespread copying, they assumed a rather romanticized form. The 
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A Melencolia I. Engraving, 1514. Albrecht Durer 











A Donati's Comet on 5 October 
1858. Watercolour, 1858. 
William Turner of Oxford 


< Donati’s Comet. Watercolour, 
1858. Unknown Artist 
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A Pegwell Bay, 5 October 1858. Oil painting, 1858. 
William Dyce 


> Donati’s Comet over Dartmoor (detail). Water- 
colour, 1859. Samuel Palmer 





satirical postcards of the ‘end of the world’ on the occa- 
sion of the 1910 return of Halley’s Comet, however, re- 
vived this tradition. 

Donati’s Comet of 1858, which must be numbered 
amongst the most beautiful comets in history, and which 
was visible for a long time, was adopted as a favourite mo- 
tif by the Romantic movement. In the watercolour by Wil- 
liam Turner of Oxford (1775-1851) the comet is in the very 
centre of the depiction, and the foreground serves merely 
as a frame for the phenomenon. In the watercolour of the 
comet by Samuel Palmer (1805-1881), which was painted 
in 1859, the comet is depicted in a particularly romantic 
setting over the hills of Dartmoor. Palmer prepared the 
sketch for his painting on 5 October 1858. The position of 
the star Arcturus is, in contrast to the rather stylistic sky 
shown by William Turner, very accurately reproduced. 

William Dyce (1806-1864) set Donati’s Comet over 
Pegwell Bay in southeast England in his oil painting. The 
almost photographic reproduction in the Pre-Raphaelite 
style, shows the link between the foreground (stooping, 
individual women) in contrast to the massive background 
(weathered cliffs) as a metaphor for life’s perils. The pale 


comet above the scene serves as a symbol of the extrater- 
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Three typical caricatures from the ‘comet-mad' nineteenth century. Anony- 
mous (top left), Honoré Daumier (top right), Thomas Rowlandson (bottom) 


restrial forces in the sky that drive fate that cannot be in- 


fluenced by human beings. 


Modern times 


From the beginning of the twentieth century, represen- 
tations of comets increasingly diverged from one ano- 
ther. The less the motif of comets was seen in astrological 
or romantic terms, the more freely images could be em- 
ployed. Painting thus became ever more individualistic. 

A wave of comet pictures comparable with that caused 
by Donati’s Comet in 1858 was unleashed by Halley’s 
Comet in 1910. This fell on fertile ground with the ear- 
ly Expressionists. In his painting Comet, Vassily Kan- 
dinsky (1866-1944) showed a bright yellow tail over 
seemingly Christmas scenery, whereas the Armenian 
Martiros Sarjan (1880-1972) created something remi- 


niscent of an oriental/magical landscape, in which the 





motif also appears in a reflection. The Ukrainian pain- 
ter Georgii Narbut (1886-1920), in contrast, depicted 
a cold Art Nouveau landscape, in which the bright co- A Comet. Watercolour 
met appears almost threatening, whereas with Walter and gold bronze powder, 
Ophey (1881-1930) the theme dissolves entirelyintoin- 1900. Vassily Kandinsky 
dividual points of light. 


> Comet. Oil painting, 1910. 
Walter Ophey 


Vv Landscape with comet. 
Vv Comet. 1907. Martiros Sarjan 1910. Georgii Narbut 
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Comets in literature and poetry 


Just as in art, for along time the comet motif in literature was bound up 
with negative astrological meaning. Only with the Enlightenment did 
it become possible to employ comets in a metaphorical sense in other 
contexts. Since the second half of the nineteenth century, comets have 


been a central motif in science fiction. 


Early modern times 


“When beggars die there are no comets seen / the heavens themselves 
blaze forth the death of princes.” This famous verse from the second 
act of Shakespeare's tragedy ‘Julius Caesar’ dates from 1599. Shake- 
speare compressed the entire literary role of comets into one senten- 
ce, which he put into the mouth of Calpurnia, Caesar's wife. The state- 
ment is quite in accord with the ancient astrological interpretation. 

Until well into the eighteenth century, it was no different in Ger- 
man-speaking countries. Among many similar tales, the ‘Kometspie- 
gel’ (Comet mirror’) of Thomas Hartmann, written in Halle in 1606, 
has become famous, and which, in a mixture of Christian fear of co- 
mets and astrological interpretation, lists the threats to mankind po- 
sed by a comet: 

“All comets indeed give evidence / of a lot of bad luck, affliction, pe- 
ril and danger / and a comet never appears / to be cares without evil 
meaning / in general eight kinds of affliction occur / when a comet 
burns in the air: 

1) Much fever, illness, pestilence and death, 

2) Difficult times, shortages and famine, 

3) Great heat, droughts and infertility, 

4) War, rapine, fires, murder, riots, envy, hatred and strife, 

5) Frost, cold, storms, weather and lack of water, 

6) Great increase in people going into decline and death, 

7) Conflagrations and earthquakes in many places, 

8) Great changes in government. 

But for us to do penance from the heart, God afflicts us with dis- 


asters and pains.” 


The Enlightenment and Romanticism 


About the middle of the eighteenth century, in parallel with the scien- 
tific revelations about comets, the literary point of view also changed. 
Authors during the Enlightenment discovered comets as an ideal mo- 
tif. First, however, they had to be freed from the astrological restric- 
tions. In 1742, the French philosopher Pierre Louis Moreau de Mau- 
pertuis wrote that “these stars, after having been the world’s terror for 
a long time, have suddenly become discredited, so that they are able 


to cause no more than a cold in the head.” 
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August Wilhelm Iffand (1759-1814), in his farce “The Comet’ like- 
wise dealt with the overwhelming fear of comets. In a comical fashion 
this recounts how a charlatan, who as a result of the supposed end of 
the world threatened by a comet, attempts to gain material and per- 
sonal advantages, until his fraud is finally exposed in a humiliating 
and hilarious scene. 

Comet Flaugergues of 1811 was immortalized in the famous novel 
War and Peace by Leo Tolstoy (1828-1910). In it, Pierre, one of the two 
main characters, sees it “Above the dirty, ill-lit streets, above the black 
roofs, stretched the dark starry sky. ... Almost in the centre of it, above 
the Prechistenka Boulevard, surrounded and sprinkled on all sides by 
stars but distinguished from them all by its nearness to the earth, its 
white light, and its long uplifted tail, shone the enormous and brilli- 
ant comet of 1812 — the comet which was said to portend all kinds of 
woes and the end of the world.” To Pierre, however, the sight, “invigo- 
rated and strengthened’ him: “joyfully, he gazed at this bright comet.” 
However, the Russian author got the year wrong, because by 1812 Co- 


met Flaugergues was no longer visible to the naked eye! 


Science fiction 


Edgar Allan Poe (1809-1849) did not live long enough to experience 
the brightest comets of the nineteenth century. In the Conversation of 
Eiros and Charmion (1839), the American author was inspired by the 
end-of-the-world mood of the Adventists in the USA in the 1830s. In it, 
two dead people discuss the end of the world, which has been caused 
by a comet that has poisoned the Earth’s atmosphere. 

Jules Verne (1828-1905) in the story Hector Servadac (published in 
English as Offon a Comet) used a comet asa vehicle for his protagonists. 
The tail, which brushed the Earth, carries various people away with it, 
and carries them on a tour of the Solar System. Jules Verne’s comet ‘Gal- 
lia’ consists, remarkably, of metals — a large fraction being gold - and 
has active volcanoes. The space-tourists land safely, using two air-bal- 
loons, when the comet returns to Earth. 

In the novel In the Days of the Comet by H.G. Wells (1866-1946), the 
tail of a comet causes humanity to be ‘exalted’ into a utopian, peaceful 
community without property. The author's predictions are amazing; he 
both foreshadows the forthcoming First World War, as well as the pas- 
sage of the Earth through the tail of Halley’s Comet in 1910. A similar 
theme is adopted by the German author Hannes Stein, in his German- 
language book of 2013, Der Komet, he describes a world without the cat- 
astrophes of the twentieth century. 

Nowadays, apocalyptic scenarios involving the impact ofa comet are 
popular. This is reflected by the numerous films on the topic such as the 
1998 Hollywood blockbusters Deep Impact and Armageddon. 


Comets in science 


Fifteenth and sixteenth centuries 


For centuries the nature of comets was not a matter for considera- 
tion. Astrological theory was too strongly entrenched. It was only at 
the beginning of modern times that the fundamental question came 
to be posed: “Are comets meteorological or astronomical phenome- 
na¢” “Are they sublunar, being situated under the Moon, or are they 
supralunar, lying beyond it?” 

These questions should have been answered by the determination 
of the distance of comets. The principle of distance determination 
rests on parallax, that is, on the apparent spatial shift in the positions 
of comets in front of a more distant background (the starry sky), ba- 
sed on viewing the comet from different angles. If comets were clo- 
ser than the Moon, as Aristotelian doctrine held, then when comets 
were viewed from two different locations they should appear at dif- 
ferent positions on the sky. Similarly, parallax should have been de- 
tected with observations from a single, fixed position over a period of 
some hours, if the comet were closer to the observer than the whole 
firmament, which was rotating around the Earth. 

Before the discovery of the telescope in 1610, people tried to deter- 
mine the positions of comets with the naked eye. In the Middle Ages, 
the instruments available were the torquetum and the cross-staff (or 
Jacob’s staff). In early modern times, quadrants were also used, and 
the larger they were, the more accurate their determinations of posi- 
tions. Astrolabes and armillary spheres were also employed. 

The Italian geographer Paolo Toscanelli (1397-1482), famous for his 
(inaccurate) chart of the Atlantic Ocean that led Columbus to believe 
that a shorter route to India lay to the west, was one of the first people 
to determine the positions of comets. He followed six comets between 
1433 and 1472 and recorded their motions across the sky. His notes 
were not rediscovered until the nineteenth century. 

The Austrian astronomer Georg von Peuerbach (1423-1461), was 
the first to undertake an attempt to determine parallax with Comet 
Halley in 1456. Because of the shift in the position of the comet rela- 
tive to the stars over a few weeks, he came to the conclusion that the 
parallax was less than that of the Moon, and thus that the comet was 
more distant than the Moon. The method used by Peuerbach was very 
inaccurate, because the proper motion of the comet itself was not ta- 
ken into account. The actual parallax of most comets was not capable 
of being determined with contemporary methods. 

The mathematician and astronomer Johannes Muller, known as 
Regiomontanus (1436-1476), born in Konigsberg in Franconia (now 
Bavaria), a pupil of Peuerbach’s, refined the method of determining 


the parallax of comets. However, he also neglected the comets’ proper 


motion and was therefore only able to give imprecise details, which 
left open the question of the sub- or supralunar location. 

In 1531, Peter Bienewitz, known as Apian (1495-1552), found, fol- 
lowing position determinations of Halley’s Comet and subsequent 
comets, that cometary tails are always directed away from the Sun. 
Apian was famous for the Astronomicum Caesareum, a monumental 
work on astronomy that he published and printed himself. 

The Italian astronomer and astrologer Girolamo Cardano (1501- 
1576) compared the rate at which Comet Halley 1531 and another co- 
met of 1532 moved, with that of the Moon and found them less. Con- 
sequently, he located the comets in the supralunar sphere. Cardano 
believed that comets were in the shape of a lens and were illuminated 
by the Sun, with the tail being formed by the optical effect of the lens. 
Cardano is also known for his horoscope of Jesus, for which he was 
taken into custody by the Inquisition in 1570. 

The Danish astronomer Tycho Brahe (1546-1601), famous for his ac- 
curate determinations of position, followed the Great Comet of 1577 
and obtained the longest and most accurate series of positions secu- 
red up to that time. He succeeded in determining the parallax of the 
comet over a period of three hours, as did Thaddaeus Hagecius (Ta- 
deas Hajek, 1525-1600) in Prague and Cornelius Gemma (1535-1578) 
in Leuven. Tycho obtained an angle of 15' as a maximum, and con- 
cluded that the comet had to be at least 230 Earth radii distant. He 
also rejected Copernican theory and believed in a mixed geocentric/ 
heliocentric universe. He accepted an oval heliocentric orbit for the 
comet. Like many of his contemporaries, however, he also believed in 
its astrological significance. 

The Schwabian theologian and mathematician Michael Mastlin 
(1550-1631), a student of Apian’s son, Philipp (1531-1589), also follow- 
ed the Great Comet of 1577 and was unable to determine any percep- 
tible parallax. As a result he viewed it as being a celestial object and 
calculated a circular heliocentric orbit. So at the end of the sixteenth 
century, the view became established that comets, like the planets, lay 
beyond the Moon. 


The seventeenth century 


Previously, straight-line or circular orbits were taken as the starting 
point for comet movements. During the course of the seventeenth 
century, however, it was realised that this approach could not des- 
cribe the motion of comets on the sky. The newly invented telescope 
was of assistance in this. However, the often poor optical quality did 
not really allow any detailed ideas about the appearance of comets 
to be obtained. 
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Johannes Kepler (1572-1630), who revolutionized understanding 
of the orbital motions of the planets, had difficulty in describing co- 
metary orbits. He observed Halley's Comet of 1607 and, a little la- 
ter, was one of the first to undertake telescopic observations of co- 
mets. He published a study De Cometis Libellis Tres in 1618, in which 
he took straight-line cometary orbits as his starting point — in con- 
trast to the elliptical ‘Keplerian’ orbits of the planets. His conclusi- 
ons were based on inadequate determinations of position, whereas 
his deciphering of the motion of the planets had been assisted by the 
precise position determinations by Tycho Brahe. 

In the interpretation of the nature of comets, Kepler was still trap- 
ped in the old ways of thought. He believed that comets arose spon- 
taneously out of the ‘ether’, and were guided by a spirit that was cre- 
ated and disappeared with them. Yet he rightly believed that the tail 
consisted of cometary particles that were dragged away from the Sun, 
and that sunlight was reflected from them. Kepler explained the cur- 
vature of a comet’s tail as the refraction of rays from the Sun. Kep- 
ler also produced numerous astrological predictions about comets, 
and he was convinced that the passage of the Earth through a co- 
met’s tail would give rise to poisonous vapours. 

Neither was Galileo Galilei (1564-1642), the ‘father of observatio- 
nal astronomy’, able to make any sense of comets. He thought that co- 
mets moved at right-angles to the surface of the Earth — but this could 
be due to the fact that most comets were first discovered at or after 
perihelion, so that only a portion of their orbits was observed. Gali- 
leo himself did not propose any theory of his own to explain comets, 
but was indefatigable in attacking his contemporaries on the subject. 

The Danzig brewer and astronomer Johannes Hevelius (1611-1687), 
in his monumental work Cometographia of 1668, discussed comets 
thoroughly and brought the various theories that previously exis- 
ted into a single overall picture. His own observations between 1652 
and 1665 were included in the work, which also contained a cata- 
logue of historical comets from the Biblical times to 1665. Like Kep- 
ler, Hevelius initially adopted a linear motion, but later established 
that curved paths must be involved, and that comets moved fastest 
when near the Sun. He took parabolas or hyperbolas as the probab- 
le form of orbit. 

Hevelius supported the view that comets themselves were disc-sha- 
ped and lay at right-angles to the Sun. They arose in the atmospheres 
of Jupiter and Saturn by the transpiration of vapours — a reflection of 
the then common view that such vapours were to be found on many 
heavenly bodies: as spots on the Sun, for example. Hevelius chose 
Jupiter and Saturn on the basis of the colour of comets. The tail was 
formed from particles ejected from the core of the comet, and which 


were then swept away from the head by the Sun. 


Title page (top) and sample page from Cometographia, the most 
influential tome on cometary astronomy in the seventeenth cen- 


tury. Johannes Hevelius 


Title page (top) and sample page from Theatrum Cometicum, the 
second influential volume on cometary astronomy in the seven- 


teenth century. Stanislaus Lubinietzky 


At the same time as the work by Hevelius, a masterpiece by ano- 
ther Pole appeared. Lubinietzky was a historian who described in 
more than 800 pages, in his Theatrum Cometicum of 1666-68, the 
history of 415 comet appearances from antiquity to 1665. Numerous 


illustrations and charts meant that his book was frequently cited. 


The Great Comet of 1680 brought about a considerable advance in 4 : : + it ‘Taratar COMETICI M, 
cometary research. The German astronomer Gottfried Kirch (1639- J PAE cule slater f 
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1710) discovered it accidentally with a telescope. It was the first comet Pinpe | 1904 cl 1665. cumTiris per 


discovery made in this manner. A theologian from Plauen, Georg ig lant fis cost ial 


Samuel Dorffel (1643-1688) showed that with the comet of 1680,the {| «a Ha atid conkinens. 
path could be described by a parabola, with the Sun at the focus. His Mi pee 
conclusion was, however, based on just a few position determinations, 
and it was not an accurate orbital determination. This was provided 
by Isaac Newton (1643-1727). He initially believed that the comet 
of 1680 consisted of two separate bodies before and after perihelion, 
which, moreover, moved on straight-line orbits. However, he rejec- 
ted this idea years later in his Principia (Philosophie Naturalis Prin- 


cipia Mathematica), when he developed his method of determining 





orbits. This semi-graphical method allowed him to determine the 
shape of the orbit and the velocity of the comet from observations 
that were separated in time. 

Newton recognized that the Sun’s gravity was the fundamental 
cause of the motion of comets. He considered comets to be solid 
bodies that produced vapours because of heating by the Sun, and 
he explained the curvature of the tail as being caused by the co- 
met’s own motion. 

Edmond Halley (1656-1742) seized on Newton's method and cal- 
culated the orbits of 24 comets seen between 1337 and 1698. In doing 
so, he discovered that the comets of 1531, 1607 and 1682 followed si- 
milar elliptical orbits, and therefore had to be repeated appearances | 
of one and the same body. The differences between the periods which WM), Dery Deeeml Doge Der Desi Der. Dees Jamar 
were not precisely equal between apparitions were correctly explai- itl ee 
ned by Halley as caused by Jupiter's gravitational effects. Halley la- 
ter extended the series of comet apparitions to the comets of 1456, 
1380 and 1305. However the last two are incorrect, because Halley’s 
Comet did return in 1378, but was seldom observed. 

In 1705, Halley predicted a return of this comet for 1758, but later 
shifted the date to the turn of the year (1758-1759) because of orbital 
perturbations by Jupiter. In addition, he maintained that there was 
agreement between the comets of 1532 and 1661. He also determin- 
ed a return period of 575 years for the comet of 1680, and identified 
it with comet apparitions in 1106, 531 and 44 BC. Whereas Halley hit 


the nail on the head with the comet now named after him, the sec- 





ond identification has, however, not proved to be correct. F ranliofn foulef. 
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With his epoch-making identification of the co- 
met appearances of 1531, 1607 and 1682, and his 
prediction for 1758, Edmond Halley revolutionized 


cometary research. 


The cometarium 


People in the eighteenth century were fascinated by the ability to 
calculate cometary orbits and to predict the apparitions of comets. 
The path of a comet around the Sun could be visualized with a co- 
metarium, as it was Known. This was a mechanical device, which 
demonstrated the motion of a comet around the Sun, and in parti- 
cular the faster motion at perihelion. Kepler's Second Law was thus 


directly visible. 


The first such device 
was described by the 
French-born, British 
scientist John Theophi- 
lus Desaguliers in 1730, 
however this depicted 
the orbit of the planet 
Mereuhy silineunhst thie. 
chanism specific for co- 
mets was built by Benja- 
min Martin around 1/40. 
Between 1750 and 1850 
many devices appeared, 
particularly by English 
manufacturers. Now- 
adays surviving comet- 
ariums are rare collec— 
tors items. 
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The eighteenth century 


The successful prediction of the return of Halley’s Comet, thoroughly 
destroyed all irrational ideas associated with these celestial bodies. 
Comets were now seen as part of predictable celestial mechanics and 
as one of the most persuasive examples of Newtonian physics. In the 
eighteenth century, astronomers made the first deliberate searches 
for these celestial bodies. 

The Swiss mathematician Leonhard Euler (1707-1783) refined 
the method of orbit determination through the use of what are now 
known as Euler approximations. Moreover, it was now possible to 
obtain the orbit of a comet, or another celestial body, from just three 
positions, at short intervals, with sufficient accuracy to find it again 
at a later date. 

The Frenchman, Charles Messier (1730-1817) was the first astro- 
nomer to specifically search for comets. The French king gave him 


the nickname of “The ferret of comets’. The trigger for this obsess- 
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ion was the search for Comet Halley that he undertook starting in 
1757. The early date that was adopted (when compared with the ori- 
ginal date), was based on the erroneous assumption that the period 
of Halley's Comet was decreasing. In his telescopic search, Messier 
came across many comet-like nebulous spots in the sky. The con- 
fusion of the Crab Nebula, nowadays designated as M1 (Messier 1), 
with a faint comet, gave him the impetus to compile the Messier Cat- 
alogue, which lists the brightest star clusters, nebulae and galaxies, 
and which is extremely popular among amateur astronomers today. 
Messier first found Halley’s Comet in January 1759, after it had been 
sighted on 24 December 1758 by the Saxonian ‘peasant astronomer 
Johann Georg Palitzsch (1723-1788). However, Messier was not put 
off and went on subsequently to discover 12 comets, among them 
the Great Comet of 1769, which brought him international fame. 

In 1797, Heinrich Wilhelm Olbers (1758-1840) published a prac- 
tical method of calculating orbits, which is still used. In 1801, Carl 
Friedrich Gauss (1777-1855) produced yet another method. 


The dishonest discoverer of comets 


In the eighteenth century the discoverers of comets were 
honoured and rewarded. Charles Messier was allowed to 
present his chart of comets to the French king Louis XV in 
person, and following his discovery of the Great Comet 
of 1769, he received an increase in his salary. It was even 
possible for him, a commoner, to marry a noble lady. It is 
not surprising, then, that fraudulent imitators should ap- 
pear — even those who had never discovered any comets. 
Jean Auguste d’Angos (1744-1833), a member of the 
French Academie des Sciences (Academy of Sciences) 
claimed to have beaten Messier in the discovery of a co- 
met from Malta on 15 April 1784. Messier, however, was 


The nineteenth century 


Asa result of refinements in celestial mechanics, meteors were identified 
with the remnants of comets. From the middle of the century, a change 
of direction into the investigation of the structure of comets took pla- 
ce. The new quantitative technologies of photography and spectrosco- 
py replaced visual observations. 

Jean Louis Pons (1761-1831), with 30 confirmed comet discoveries 
between 1807 and 1831, was the most successful discoverer of comets 
in the nineteenth century. Three quarters of all discoveries in this pe- 
riod were to his account: between 7 August 1826 and 3 August 1827 he 
had found five comets by himself. Yet Pons was not a trained astrono- 
mer, but had come into contact with astronomy from being the door- 
keeper at the Marseille Observatory. 


Types of comet tails (right) and heads (below) based on prominent 
nineteenth-century examples. Right: Comets Donati, Coggia, the 
Great September Comet, Olbers and Sawerthal. Below: Halley, En- 


cKe, Biela and the Great September Comet. 





unable to confirm this. D‘Angos reported additional al- 
leged discoveries in 1793 and 1798. The latter comets 
he even claimed to have discovered in transit in front of 
the Sun. 


These assertions and alleged calculated orbits were la- 
ter exposed as clumsy falsifications. They were based 
on erroneous borrowings of data on other comets, as 
well as on deliberate deceit. In France, the attention giv- 
en to true and false comet discoverers at the time was so 
great that the word ‘Angosiade’ became established for a 
fraudulent deception. 


The Director of the Berlin Observatory, Johann Encke (1791-1865), cal- 
culated the orbit of the comets of 1805, discovered by Pons, and its recovery 
in 1818, and found an orbital period of 3.3 years, including taking into ac- 
count perturbations by the planets. He predicted that it would become vis- 


ible again in 1822. Today, this famous short-period comet carries his name. 


With further observations of ‘his comet, Encke discovered an additional 
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Biela’s Comet 


The nineteenth century was not only blessed with unusually 
many impressive bright comets, but was also the time when 

very mysterious events took place. One of these was rela- 
ted to the ‘lost’ Comet Biela, which caused the discovery 
of a comet in the twentieth century. The comet was dis- 
covered by Jacques Montaigne on 8 March 1772. In 1805, 
Bessel determined the period as 4.7 years. This value was 

later revised to 6.7 years. The next successful observation, 
however, was only made in 1826 by Wilhelm von Biela, a 

captain in the Austrian military, who (re-)discovered the co- 
met, independently of Montaigne’s observations and Bes- 


astronomers followed its break-up into what were initially 
two fragments. In 1852, the two portions of the comet were 
seen once more, but subsequenily, to this very day, there 
have been no more observations of the comet. It remains 
lost — whether it broke up completely, or has been inserted 
into another orbit through perturbations, remains uncertain. 


On 27 November 1872 the remnants of the comet gave rise 
to a great meteor shower (the ‘Bielids’) with over 1000 me- 
teors per hour. And about 100 years later, Biela’s lost comet 
created a furore. In 1973, the Czech astronomer Lubos Ko- 


sel’s orbital calculations. 


The comet now known as Biela’s Comet was observed at 
its returns in 1852 and 1845. At the end of 1845, numerous 


perturbation that created a shift in perihelion, which could not be 
explained by planetary perturbations. He explained this through 
the existence of the ‘ether’, which, in the nineteenth century was a 
widely discussed hypothetical medium between the planets. 

Friedrich Wilhelm Bessel was one of the most able calculators 
of orbits in the nineteenth century. He also determined the peri- 
helion advance of cometary orbits and explained this through ef- 
fects from the comet itself, which was later recognized to be the 
correct explanation. 

The Italian astronomer Giovanni Schiaparelli (1835-1910), who 
became known through the ‘discovery of martian ‘canals’, found 
that the orbits of meteor streams were similar to those of comets. 
He linked the Perseids with Comet Swift-Tuttle of 1862, and la- 
ter he succeeded in the identification of the Leonids with mat- 
erial from Comet Tempel-Tuttle 1866. 

Giovanni Batista Donati (1826-1873) and William Huggins 
(1824-1910) obtained the first cometary spectra of Comets Tem- 
pel 1864 and Tempel-Tuttle 1866. In doing so, they discovered 
three bright lines, which Huggins recognized as carbon com- 
pounds, the true nature of which was only deciphered later. (They 
were from molecules of CN, C, and C, that had been excited to 
fluorescence.) They were the first indications of the composition 
of comets and the first indication that comets did not just reflect 
sunlight, but also gave off illumination themselves. 

Fyodor A. Bredikhin (1831-1904) postulated three types of 
cometary tail, according to the effects of the force directed away 
from the Sun and the mass of the particles. He assigned hydro- 
gen gas to Type I; linked Type II to hydrogen compounds; and 
Type II] with heavier gaseous components. He held that the diffe- 
rent types of tail consisted solely of gases, and took the electrical 


charge on these as being responsible for the different forms of tail. 
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houtek searched for remnants of the comet with the large 
Hamburg Schmidt telescope, during which he initially dis- 
covered some new minor planets and subsequently found 
the famous and notorious Comet Kohoutek. 


Barnard’s automated comet search engine 


Edward Emerson Barnard (1857-1923) was one of the best 
visual observers of his time and a pioneer in astrophotogra- 
phy. Like so many of the great astronomers of the nineteenth 
century, he started his career as an amateur astronomer. Even 
as an amateur he had discovered comets as early as 1881. In 
total, he had 16 finds, including the first photographic comet 
discovery in 1892, with the subsequently lost comet D/1892 T1. 


On 8 March 1891, Barnard opened the San Francisco Exam- 
iner and read, to his astonishment, an article about a comet- 
discovery machine that he had apparently invented. This was 
Supposed to scan the sky in strips and thus obtain spectra of 
all the objects in the field. Only when a cometary spectrum 
with its characteristic lines had been captured, would light 
fall into an apparatus that would then set off an alarm in Bar- 
nard’s bedroom. 


Barnard immediately tried to quash this false story, but the 
press had already been told that he would deny having made 
the invention. Numerous astronomers around the world, in- 
cluding famous comet discoverers such as Lewis Swift, en- 
quired about the machine's mechanism from the increasing- 
ly indignant Barnard. Barnard fought for two years to correct 
these claims, until the Examiner finally published an apology. 
The identity of the originator of this canard remains uncer- 
tain, although Barnard always suspected his colleague, James 
Edward Keeler. 


The twentieth century 


As the quality of photography and spectroscopy improved, research 
turned to the physics and chemistry of comets. The identification 
of additional components of comets became possible. In the sec- 
ond half of the century, models explaining the processes occur- 
ring in comets and the question of their origin took centre stage. 

Nicholas Bobrovnikoff (1896-1988) provided the first detailed 
chemical analysis of a comet in 1931, from the combined results 
on Halley’s Comet 1910. On the basis of extensive analysis, he pro- 
ved the existence of the molecules CN, CO*, N}, C,, Na and CH. 

In 1932, Ernst Opik (1893-1985) suggested that comets origina- 
ted from a cloud at the edge of the Solar System, that had formed 
over thousands of millions of years through perturbations of pas- 
sing stars. From time to time, bodies from this cloud were dragged 
into smaller perihelion distances. In 1950, Jan Oort (1900-1992) 
took up this idea, and postulated the existence of the cloud, now 
named after him, of 190 thousand million cometary nuclei at dis- 
tances between 10 000 and 50 000 astronomical units from the Sun. 

In 1950, Fred Whipple (1906-2004) suggested the icy conglo- 
merate model, better known by the catch-phrase the ‘dirty snow- 
ball’ model. In this, comets consisted of a solid icy nucleus with 
embedded dust. In 1981, Whipple also found a method of deter- 
mining the rotation of cometary nuclei. 

Kenneth Edgeworth (1880-1972) and Gerard Kuiper (1905-1973) 
outlined a second belt of comets between 30 and 50 astronomi- 
cal units away. Kuiper derived its existence from perturbations 
of Neptune. 

In 1951, Ludwig Biermann (1907-1986) postulated the existence 
of a stream of charged particles (the ‘solar wind’), which is respon- 


sible for the observed accelerations and deviations from the anti- 





solar direction of the gas tails of comets. Comet tails, in particu- 
lar the gas tails, are thus indicators of the direction and velocity 
of the solar wind. 

Towards the end of the century, the first comet discovery from 
Earth orbit was made by the Solwind satellite in 1979. The Space- 
watch programme provided the first time a comet was discover- 
ed by an automated search system (125P/Spacewatch). The first 
direct images of a cometary nucleus were obtained by the Soviet 
Vega 1 and 2 space probes and, above all, by the European Giotto 
probe (at a distance of just 600 km) during the passage of Comet 
Halley in 1986. 


The twenty-first century 


Since the turn of the century, research into comets from space has 
been in the forefront. Space probes have impacted on comets, have 
observed them from nearby, and will soon land on them. 

In 2005, the Deep Impact probe struck Comet 9P/Tempel with 
an artificial impactor. The impact was directly observed from the 
mother probe. The first landing on a comet (67P/Churyumov-Ger- 
asimenko) is expected to take place with the Philae lander from 


the Rosetta space probe. 


Comet discoverers 


The search for comets has repeatedly fascinated patient people, not 

least because the celestial objects bear the name of their discoverer. 
In China, a systematic search for comets with the naked eye was 

carried out for 2000 years. The discoverers, court astronomers to 


the Chinese emperor, however, remain largely unknown. In Europe, 


Nowadays comet research primarily takes place in space. Whi- 
le Giotto obtained the first direct image of a comet's nucleus in 


1986 (left), Rosetta will attempt to land on a comet in 2014 (below). 
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Halley's Comet 


Halley’s Comet — more correctly Known as 1P/Halley — 
occurs as one of the Great Comets of modern times on no 

fewer than seven occasions. Not every return has actually 
produced an impressive sight in the sky, but every return 

since 1500 has been a milestone in cometary research. 


In 1551, Peter Apian recognized that the tail always poin- 
ted away from the Sun 

In 1607, Johannes Kepler succeeded in obtaining an or- 
bital calculation (albeit an erroneous one) 

In 1682, Edmond Halley observed the comet named after 
him, which later led to his famous prediction of its return 
In 1759, the first systematic search for a comet was un- 
dertaken, and Johann Georg Palitzsch succeeded be- 
fore Charles Messier 

In 1835, Wilhelm Bessel calculated the size of the mass- 
loss at every return 

e In 1910, a worldwide photographic monitoring pro- 
gramme was undertaken for the first time, in which more 
than 60 observatories on every continent took place 
In 1986, there was the first visit by space probes to a 
comet, in which European, Japanese and Soviet mis- 
sions all took part. 


A total of 30 apparitions of Halley's Comet have been doc- 
umented since 240 BC. It is, however, believed that the 
comet has existed in its current orbit for at least 16 OOO 
years, and possibly for as many as 1/70 OOO years. Becau- 
se of orbital perturbations, however, it is not possible to 
carry calculations backwards beyond 1404 BC. The orbi- 
tal period averages /6 years, but varies between /4.9 and 
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79.2 years because of perturbations by the giant planets, 
above all, by Jupiter. 


Despite its great age and Its many orbits of the Sun, the 
cometis still very gas-rich. Despite a mass-loss of 3 xX 10" 
kg per orbit, no decrease in the gas-production rate can 
be determined. The overall mass of the nucleus, which 
is 15 km x 8 km x 8 km in size, is given as 2.2 x 10“ kg. 
According to estimates, the comet has exhausted about 
half of its potential. This enormous reservoir has resulted 
it in being the only periodic comet that is visible to the 
naked eye at every return. Remnants of the comet's tail 
form the Eta Aquarid and Orionid meteor showers, which 
occur when the Earth crosses the comet's orbit, which Is 
inclined at 162° to that of the Earth. 


Its orbit takes Halley's Comet from a distance of 523 mil- 
lion kilometres (35.1 AU) beyond Neptune, to just 90 mil- 
lion kilometres from the Sun. While its next aphelion pas- 
Sage occurs on 9 December 2025, we will have to wait 
almost 50 years for its next return — the comet will only 
be at perihelion on 28 June 2061. 


The attractiveness of its appearance from Earth Is pri- 
marily determined by its distance from us. This may vary 
between 0.5 and 0.03 astronomical units (75 to 4 mil- 
lion kilometres). The closest pass in historical times was 
the return of 837. The next close approach will occur in 
2154, at a distance of 0.09 AU. The reflectivity (albedo) of 
the comet is, at 4 per cent, comparable with that of coal 
— the comet is almost completely black. 








Name Target comet Country/Organisation Launch Date of encounter Distance of encounter 

ISEE-3/ICE 21P/Giacobini-Zinner USA/NASA 12 Aug.1978 11Sep.1985 7800 km 
1P/Halley 28 Mar. 1986 $1 000 OOO km 

Vega 1 1P/Halley USSR, Austria, German 15 Dec.1984 6 Mar. 1986 8890 km 

Vega 2 Federal Republic, France 21Dec.1984 9 Mar. 1986 8030 km 

Sakigake 1P/Halley Japan 8 Jan.1985 11Mar. 1986 7 Q0O0 OOO km 

Giotto 1P/Halley ESA 2 Jul. 196s 14 Mar. 1986 596 km 
26P/Grigg-Skjellerup 10 Jul. 1992 200 km 

Susel 1P/Halley Japan 18 Aug.1985 8 Mar. 1986 151 000 km 

Deep Space1  19P/Borelly USA/NASA 24 Oct.1986 22 Sep. 2001 2200 km 

Stardust 81P/Wild USA/NASA 7Feb.1999 2 Jan. 2004 240 km 
9P/Tempel 14 Feb. 2011 181 km 

Deep Impact 9P/Tempel USA/NASA I7dan-2003 2-J0l,2005 500 km 

EPOX! 103P/Hartley 11 Oct. 2010 700 km 

Rosetta 67P/Churyumov-Gerasimenko ESA 2 Mar. 2004 Nov 2014 Landing 
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The Kreutz Sungrazers 


In 1888, the German astronomer Heinrich Kreutz noted 
that the orbits of comets that passed particularly close to 
the Sun, were very similar. He correctly understood this 
as a sign of a single, common parent object for these 
‘sungrazers. 


The objects now known as Kreutz comets form what Is 
called a ‘family’ of comets: the members move on similar 
orbits around the Sun. Perihelion lies at a distance of just 
0.005 AU to 0.009 AU from the centre of the Sun, which 
corresponds to distances of between O and /00 O00 kilo- 
metres from the surface of the Sun — many Kreutz comets 
impact directly onto the Sun, and most break up during 
their extremely close passages to the Sun. Their orbital 
periods amount to 500 to 1000 years; the semi-major 
axis of the orbit is 150 AU; the orbital inclination is about 
140°; and the longitude of the ascending node Is about O°. 


Over 2000 Kreutz comets are known. Most of these bod- 
ies are very small (with diameters of up to 130 m) and do 
not survive perihelion passage. However, shortly before 
that, they may become very bright and may even appear 
close to the Sun in the daytime sky. 


The majority of sungrazers are discovered by amateurs on 
images from the SOHO solar probe, when they are clo- 
se to the Sun. Kreutz comets thus make up more than 80 
percent of all cometary discoveries. A few amateurs have 
found several hundred comets in this way. 


Because of their extremely close approaches to the Sun, 
a few Kreutz Sungrazers have become exceptionally 
impressive In appearance. Among these are the Great 


until the seventeenth century, comets were only discovered if they 
were generally visible. As a result, here too, practically no discove- 
rers can be determined. That then changed in the eighteenth cen- 
tury, in particular through the search for Halley's Comet at its re- 
turn in 1758-59. 

Kirch made the first telescopic discovery in 1680, and the first co- 
met to be discovered photographically was by Barnard in 1892. If co- 
mets discovered to date are taken as a whole, the first four places ina 
list of the greatest comet discoverers go to modern automated sear- 
ches that scan the skies for comets. The leading actual person is the 
Scottish-Australian astronomer, Robert McNaught, with 82 discove- 
ries — although these were all made photographically. 


Nowadays, very few comets are discovered visually, because the 


March Comet of 1843, 
the Great September Co- 
met of 1882, and |keya- 
Seki in 1965. In 2011, the 
Kreutz comet C/2011 
W3 (Lovejoy) appeared, 
which survived its pass- 
age past the Sun and de- 
veloped a long tail aft- 
er perihelion, but which 
was visible only from the 
southern hemisphere for 
a short period. 


According to Brian Mars- 
Cea ene nie ineenecine 
Kreutz family of comets 
is possibly to be found in 

a comet that appeared 

in 372 BC, as well as (for 
the comets of 1882 and 

1965) once again in 1106. 
Subsequently, the frag- 
ments from the disinte- 
gration of these two comets formed the bodies that are 
now part of the Kreutz group. Alternatively, according to 
more recent studies by Sekanina and Chodas, the appa- 
ritions of comets in 214 BC and AD 467 are responsible. 





The comet C/2011 W3 Lovejoy 
was the last bright Kreutz Sun- 
grazer. It survived solar pass- 
age, which took it just 140 000 
km from the surface of the Sun. 


As well as the Kreutz group of comets there are other 
families of sungrazers: the Meyer, Marsden and Kracht 
groups. They, however, do not produce notable tails when 
they come close to the Sun and are short-period objects. 


The most successful comet search programmes 


(as at 5 Sep. 2014) 





SOHO 1979 
LINEAR 25 
Catalina Sky Survey 123 
Siding Spring Sky Survey 101 
Mount Lemmon Survey 63 
Spacewatch 61 
PanSTARRs 61 
NEAT 54 
LONEOS A2 
STEREO A2 


JO 


automated searches and astronomers working with photography — If the visual and photographic comet discoveries by amateurs are 
the latter almost exclusively amateurs — are able to detect considera- _ taken together, then in recent years between two and eight comets 
bly fainter objects. In general, these discoveries are accidental, as with have been discovered every year. This figure, however, conceals the 
the German astronomer Sebastian Honig, who founda comet visual- _ fact that a large number of comets found by the SOHO solar observa- 
ly in 2002 with a 10-inch telescope. Worldwide, however, only twelve __ tory are actually the result of hard-working amateurs, who evaluate 
comets have been found visually since 2000. At present, the leaderis the images returned from space in real time, and have thus been able 


the American, Don Machholz. to detect more than 1000 new comets. 


The most successful comet discoverers with at least ten discoveries (data from Maik Meyer) 








Discoverer Total As sole Visual Photographic/CCD First discovery Last discovery 
discoverer discoveries discoveries 
Robert H. McNaught 82 70 0 82 CHO78:G2 C/2013 El 
Carolyn & Eugene Shoemaker SA I 0 52 C/1983 R1 P/1994 J3 
Rik E. Hill af 25 0 27 P/2004 V5 C/2014 F1 
Jean-Louis Pons 26 Ze 26 0 C/1801 N41 C/1827 P1 
Andrea Boattini 25 Ze 0 29 C/2007 W1 C/2013 J5 
Alex R. Gibbs ox 25 0 25 C/2006 U7 Pi2012 KS 
David H. Levy 22 6 9 i C/1984 V1 P/2006 T1 
Eric J. Christensen Ze 20 0 22 P/2003 K2 C/2014 M2 
William R. Brooks a1. 18 21 0 C/1883 D1 C0111. 
William A. Bradfield 18 18 18 0 (1972 El C/2004 F4 
Gordon J. Garradd 17 16 0 17 C/2006 L1 C/2010 H1 
Edward E. Barnard 16 13 ibs) 1 CALSCLS1 Peo2. 1. 
Brian A. Skiff 16 14 0 16 D/1977 C1 C/2007 H2 
Jean Mueller 15 14 0 15 P/1987 U2 P/1998 U2 
Malcolm Hartley 13 4 0 1.5 P/1982 C1 C/1999 T1 
Antonin Mrkos 13 8 14 Z C/1947 Y1 PAUL. FL. 
Lewis Swift 13 8 is 0 P/AIS62 OL C/1899 E1 
Michel Giacobini 12 10 12 0 P/1896 R2 P/1907 L1 
Eleanor F. Helin 12 2 0 12 CH977 Fl P/1993.K2 
Minoru Honda 12 5 12 0 C/1940 S1 C/1968 Q2 
Charles Messier 12 i. 12 0 C/1760 B1 C/1798 Gl 
Kenneth S. Russell 12 5 0 12 P/1979 M2 CH996 PZ 
Wilhelm L. Tempel 12 10 12 0 C/1859 G1 CHE7/ TA 
Donald E. Machholz 11 9 11 0 C/1978 R3 C/2010 F4 
Leslie C. Peltier 10 5 10 0 C/1925 V1 C/1954 M2 
James V. Scotti 10 10 0 10 P/2000 Y3 P/2013 A3 
August Winnecke 10 6 10 0 C/1854 Y1 Ci1C77 Gl. 
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Comet science today 


Comets are small Solar-System bodies. Currently, about 5000 
individual comets are known. However, in the outer regions of 
the Solar System, far from the light of the Sun, it is believed that 
there may be as many as 10’ comets. They are, however, too far 
from the Earth to be observed. Nowadays, comets are generally 
first discovered if they enter the inner Solar System within the 


orbit of Jupiter. 


Orbits 


Comets, like all other bodies, follow Keplerian orbits around the ge- 
neral centre of gravity of the Solar System, inside the Sun. The orbits 
are, in general, extreme ellipses. Near the Sun, comets move most ra- 
pidly, in accordance with Kepler’s Second Law. Hyperbolic orbits are 


also possible, and these objects will leave the Solar System after pas- 


Comet designations 


In the modern, internationally recognized and unified 
ROmMeielatthem= en se@uietm mines Peet cue iit smee lie 
mon name, has an alphanumeric code, which identifies 
it unambiguously. This alohanumeric code is assigned 
according to a fixed scheme. It Consists of a letter pre- 
i 2) Vee)’ Ua Sel SS Well 2S G) lovee PUlnleelr Corlelir= 
ation for long-period comets (with orbital periods greater 
than 200 years), as well as the prefix and a name for 
short-period comets. 

The prefix indicates the status of the comet. ‘P’ stands for 
short-period comets; C for long-period comets; D' in- 
dicates a lost or destroyed object; the prefix ‘X’ means 
that the orbit has not been determined; while ‘A’ desig- 
nates a minor planet, that is, one that is not out-gassing. 
The latter have their own nomenclature. 

After the second observed return of a short-period co- 
MeMINiS ive (ne name Of Ine Gise@ verer onlneusuper. 
son to calculate the orbit, as well as a number, indicating 
its position in the sequence of discoveries. This is in the 
form of ‘number, P/discoverer’. As a result, Halley's Comet 
is Officially known as 1P/Halley. Long-period comets have 
a detailed code. The year-number indicates the year of 
discovery. The following letter indicates the half-month 
of the year in which the comet was discovered. ‘A’ there- 
fore covers the period from ist to 15th January. As ‘I’ is 
omitted, ‘Y’ indicates the last half-month between 16th 


Mercury 





Asacometapproaches the Sun, its tail develops. This points in the 
opposite direction to the Sun. 


and 31st December. The subsequent number then indi- 
cates the position of the comet in the series of discove- 
ries in the corresponding half-month. Finally, after the 
code, the name of the discoverer is given in parentheses. 
Before this modern nomenclature was introduced in 1995, 
another system was used. After discovery, the comet was 
given a provisional designation, in which the year of dis- 
covery was followed by a lower-case letter, indicating the 
sequence of the discovery in the yearly series. If more 
than 26 comets were found in any one year, the letter 
sequence was extended with the numbers 1, 2, etc. Aft- 
er the orbit had been calculated, the comet was given 
a final designation, which consisted of the year of peri- 
helion, and a Roman numeral indicating the sequence of 
perihelion passage. 


Comet Bennett was given the following designations in 
these systems: 
¢ modern designation: C/1969 Y1 (Bennett) 
= a long-period comet, discovered in the second half 
of December, 1969 
e old provisional designation: 1969 
= the ninth comet discovered in 1969 
e old final designation: 1970 |! 
= the second comet to reach perihelion passage 
ia LEG. 
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sing around the Sun. Only about 4 per cent of all comets exhibit such 
an orbit, which probably arises through gravitational perturbations of 
the small cometary body by the more massive planets. Comets from 
other stellar systems have not been detected. 

Rather less than 500 comets return within 200 years. They are 
known as short-period comets. Most of them actually originated 
from the outer Solar System, but were ‘captured’ by the gravitational 
influence of the giant planets, and injected into short-period orbits. 
Most have undergone many returns; the most famous example is Co- 
met Halley, which has an orbital period of about 75 years. 

Depending on which planet captured the comet, different so-called 
families of comets have been created. The comets in such families have 
similar distances when they are farthest from the Sun (at aphelion). 
The Halley- or Neptune-family contains about 60 comets, the Jupiter- 
family as many as 400. Only a few comets have orbits that keep them 
always within the inner Solar System. The comets known as ‘Centaurs’, 
in contrast, always remain between the orbits of Jupiter and Neptune. 

Long-period comets have orbital periods of at least 200 years, al- 
though most are significantly greater. It is therefore highly probable 
that they are arriving ‘fresh’ from the outer Solar System, and have 
undergone the journey towards the Sun only a few times. If they ap- 
proach the latter very closely, they are known as ‘sungrazers’. Becau- 


se of the Sun’s tidal effects it may happen that when a comet passes 





The actual nucleus of a comet is just a few kilometres across. It 


consists of frozen loose material. It turns to vapour through the 
effect of solar radiation and the comet outgasses. This happens 
only on a few parts of the surface. 
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The orbit of Halley's Cometis atypical example of acometary orbit. 


close to the Sun, it breaks up or is completely destroyed. In addition, 
many comets fall directly into the Sun. Over a long time-scale, most 
comets end in this manner, others leave the Solar System altogether, 
break up, or hit one of the planets. 

Long-period comets probably come from the Oort Cloud, an unob- 
servable reservoir of small bodies at the edge of the Solar System, some 
10 000 to 50 000 times farther from the Sun than the Earth. They are 
steered into an orbit within the inner Solar System by gravitational 
perturbations. In this, neighbouring stars outside the Solar System 
that pass close by may play a part. It is thought that there are at least 
one thousand million comets in the Oort Cloud. 

In addition, there is also the Kuiper Belt, which, at a distance of bet- 
ween 30 and 50 astronomical units, is much closer to the Earth. It is 


believed that about 100 million comets are to be found there. 


The nucleus 


The nuclei of comets are, in comparison to the other bodies in the 
Solar System, extremely small. They range from fifty metres to a few 
dozen kilometres across. Sizes between one and five kilometres ap- 
parently occur frequently. But there are larger lumps: Comet Hal- 
ley amounted to about 15 km x 8km x 8 km. It is not spherical, but 
shaped rather like a potato - which is a property shared by many 
other comets. The mass of a typical comet lies between one million 


and a few million tonnes — which is not great by cosmic standards. 





The innermost shell of dust and gas around the nucleus is known 


as the coma. It may reach a few tens of thousands of kilometres 


in diameter. 


There are numerous models that describe the composition and 
structure of a comet’s nucleus. Among these is the ice-conglome- 
rate model by Fred Whipple, which has come to be known as the 
‘dirty snowball’. Other models are the conglomerate, the ‘rubble 
pile’, and the ice-cemented models. Nowadays, it is generally be- 
lieved that there is a greater amount of dust than in Whipple’s ori- 
ginal model. The dust is held in place by the ice. So it is probably 
more correct to speak of an ‘icy dustball’. 

Comets are darker than asphalt, and reflect only about 3 per cent 
of the incident sunlight. At the same time they havea very low den- 
sity and are lighter than water. Dust particles primarily contribute 
to the mass, and their sizes lie between a micron (10°°m) and a centi- 
metre. Silicates dominate, but there are also carbon, hydrogen, oxy- 
gen and nitrogen compounds. Particularly notable is the presence 
of long-chain molecules. These substances, known in chemistry as 
organic molecules, such as glycine (an amino acid: C,H,NO,) may 
be detected in comets. Such molecules are the building blocks of 
hydrogen/carbon-based life as we know it. As ‘fresh’ comets from 
the Oort Cloud are more-or-less pristine, because they are essen- 
tially unaffected by any chemical or geological processes, but are, 
at the same time, extremely old bodies, it is believed that the pri- 
mordial material from which the Solar System formed contained 
these amino acids. It is probable that comets first brought these 
compounds to Earth, and thus created the conditions for the ori- 
gin of life. 

The ice component that contains the dust consists of about 80 per 
cent water ice, 15 per cent carbon monoxide, and 4 per cent car- 
bon dioxide. In addition, traces of methane, ammonia, and nitro- 


gen are present as ices. 


The coma 


At great distances from the Sun, cometary material is frozen solid. 
The comet is inactive, and it consists of just its nucleus and, as such, 
differs little from a minor planet. A comet’s approach towards the 
Sun brings about the difference. Individual ice components begin to 
turn into vapour (to sublime) with the increase in solar radiation. A 
shell of gas forms around the nucleus, known as the coma (from the 
Latin for ‘hair’). Ata distance of 11 astronomical units (1.6 thousand 
million kilometres) cyanide begins to sublime. At 6.5 astronomical 
units, carbon monoxide is released and ammonia at 6 astronomi- 
cal units. Hydroxyl (OH) radicals appear at 3 astronomical units as 
well as the lion’s share of water ice. Together, the fractions that have 
sublimed form a gaseous shell 10 000 to 100 000 kilometres in dia- 
meter, and in some cases, significantly larger. A hydrogen shell may 
reach a diameter of up to 100 million kilometres. 

The fraction of volatile material varies from comet to comet and 
is also dependent on the orbital period of the comet and the struc- 
ture of its crust. The latter’s structure also affects the release of the 
dust. The dust particles are released and transported through the 


sublimation of the ice. However, this probably occurs only in strictly 





The tail of acomet may extend for many million kilometres. It con- 
sists of gas molecules (here appearing blue) and dust particles that 
leave the region around the nucleus. Gerald Rnemann 


Kepler's Second Law 


The line between a planet and the Sun (the ‘radius vec- 
tor’) sweeps out equal areas in equal times. This fun- 
damental statement applies to all other bodies in the 
Solar System. 


This can be understood particularly well when a co- 
met comes close to the Sun. The closer the comet to 

the Sun, the faster its motion. The velocity peaks when 

closest to the Sun, at perihelion. As the comet retreats 

from the Sun, its velocity decreases. It is thus propor- 
tional to its distance from the Sun. 


og 


The ‘ingredients’ for a great comet 


Every year about a dozen comets come close to the Sun 
and the Earth. Most of these objects, however, are visible 
only to amateur and professional astronomers through 
telescopes. At about yearly intervals a comet may be ob- 
served with binoculars. With the naked eye, a cometis vis- 
ible only about once every two to three years. Bright co- 
mets, that can be recognized immediately in the night sky, 
are, in contrast, visible about once a decade, at the most. 
A few fortunate circumstances must combine for a great 
comet to appear: 

e The orbit must give a close approach to Earth as well 

as a close approach to the Sun. In most cases, only one 

of these factors Is present. 

Favourable conditions occur when the comet Is near 

perihelion and Is visible in a dark sky — although becau- 

se it is then near the Sun, the comet is generally only 
seen in twilight. 

e A long duration of visibility significantly increases at- 
tention on the comet — frequently, however, the phase 
of greatest brightness Is only a few weeks or even just 
days long. It is particularly pleasant when the comet Is 
visible in the evening — many bright comets have been 
seen by just a few early risers. 

e lf the comet Itself nas a large nucleus, and is accom- 
panied by a lot of fresh material, then a greater magni- 
tude Is to be expected. An elevated production of dust 


limited areas that are turned towards the Sun, and which cover just a 
fraction of the surface. Fountains of ice and dust, known as jets, are 
created. The rotation of the comet nucleus causes them to act like 
lawn-sprinklers and to spread dust into the coma. 

The sublimation of icy fractions cools comets. At the same time, the 
gas in the outer coma is dragged away by the solar wind, the stream 


of charged particles from the Sun, as well as by its radiation pressure. 


The tail 


The characteristic feature of comets is a tail. It first forms when the 
comet arrives within the inner Solar System, inside the orbit of Mars. 

Two types of tail are differentiated from their spectra: The first 
type consists of molecules that are drawn out of the coma by the so- 
lar wind. This is also known as the gas or plasma tail. It is general- 
ly long and narrow, and always points directly away from the Sun. 
Its length may amount to as much as 100 million kilometres, which 


corresponds to two-thirds of the distance of the Earth from the Sun. 
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— which differs from comet to comet — allows a dust 
tail to arise, and this contributes most of the bright- 
ness. This may also rise sharply through an outburst 
Chitme COmeutgaveauses asuaaeminereaselintaehe— 
lease of material. 

The discovery of comets must also take place a suf- 
ficiently long time before the brightest phase. Befo- 
re the existence of the Internet, news of the appear- 
ance of a comet in the sky was difficult to spread in 
an adequate time. The date of discovery also deter- 
mines the general level of attention given, but which is 
also affected by other factors — whether, for instance, 
a comet falls within the summer holidays or is expec- 
ted around Christmas. By no means last, the weather 
also plays a part. 


However, humanity itself has largely destroyed one of the 

most important factors governing the occurrence of an 

impressive apparition of a comet: a dark night sky. Many 
of the greatest comets go unseen by most people, be- 
cause they are drowned out by light pollution from towns 

and cities. On this point, Fred Whipple remarked “| am not 
sure that there was ever a comet bright enough to appear 
spectacular from downtown New York.” 


Through its interaction with the solar wind, the gas tail illustrates 
the Sun’s magnetic field. Alterations in the density of the field or 
changing polarity can thus lead to tail disconnection events, when 
the flow of molecules being dragged away from the comet is broken, 
only to reform shortly afterwards. 

The second type of tail consists of microscopic particles of dust. 
They are expelled from the inner coma by radiation pressure from 
the Sun. In this, the mass of the particles plays a part. It amounts to 
a selection or differentiation process, in which the mass-poor par- 
ticles follow different paths to the mass-rich ones. In contrast to the 
gas tail, they thus trail behind the comet in a different way. This is 
one of the reasons for the creation of the typical curved shape of dust 
tails, which do not precisely form in the opposite direction to the Sun. 

Dust tails form only with copious dust production. This usually 
occurs only with great comets or after perihelion. If a lot of dust is 
released all at once, then rays occur in the tail, which are known as 
‘synchrones. If such events recur, for example as a result of rotation 


of the cometary nucleus, then many such rays may appear, and the- 


The visual magnitude of comets 


The overall magnitude of a comet gives information on how well it will be seen. 


In doing so, however, one must differentiate between conditions with a dark 

night sky (without any light pollution) and with the various phases of twilight: 

e < —8: The comet Is clearly visible in daylight. Such magnitudes are also 
only possible close to the Sun. 

e —8 to —4: With knowledge of its position, the comet may also be seen in 
the daytime sky, If the Sun is obscured. The comet is conspicuous in twi- 
light and highly striking in the night sky. 

e —4to 0: The comet first appears to the naked eye in deep twilight. In the 
night sky its appearance Is striking. 

e 0 to 2: The comet is difficult to see in twilight. In the night sky it is clearly 
visible to the naked eye. 

e 2 to 4: The comet is invisible in twilight. In the night sky it may be detec- 
ted with the naked eye, when its position is Known. 

e 4 to 6: Only experienced observers at dark sites will succeed in seeing 
the comet without any optical aid. However, the comet Is clearly seen 
in binoculars. 

° 6 to 8: The comet cannot be seen with the naked eye. It appears faint 
in binoculars. 

e 8 to 10: Comets of this magnitude may only be seen through small 
amateur telescopes. 

e 10 to 12: A large amateur telescope is required for these comets. 

e > 12: These comets are generally only detectable through photography. 


The apparent size of comets 


Faint comets generally appear 
to the naked eye as star-like or 
like a TlIZZy Stare line length on 
the tail must amount to at least 
1° for it to be clearly seen by the 
naked eye. Shorter tails and the 
coma are normally visible only 
with binoculars or a telescope. 


The star-like or very small nu- 
cleus visible with such instru- 
ments Is not the true cometary 
nucleus, but the innermost re- 
gion of the coma. It is Known as 
the false nucleus. In historical 
reports it is, however, generally 
described as the nucleus. [he 
first view of the actual nucleus 
of acomet was obtained by the 
Giotto space probe, which pas- 
sed Halley's Comet in 1986. 


se are known as ‘striae’, (from the Latin for ‘furrows ). Dust tails may The larger particles from a comet's tail become distributed along 


also reach lengths of up to 100 million kilometres. the comet's orbit as dust trails. Ifthe Earth subsequently crosses such 


What might seem to be a third type of tail, known as an anti-tail, a trail, numerous meteors are seen to streak through the night sky. 


may also occur. This, unlike the two classic types, points towardsthe | Most of the meteor showers that recur every year may be ascribed to 


Sun rather than away from it. This is, however, just a perspective ef- specific comets. There are suggestions that this accretion of come- 


fect, which occurs when the Earth lies in the comet’s orbital plane, tary material could have provided the basic components for life on 


and the curvature of the tail causes it to appear in the wrong direction. Earth in the form of carbon-based macro-molecules. 
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Great comets in antiquity 


Since primeval times, the appearance of bright comets has impres- 
sed humanity. But more detailed conclusions about individual co- 
mets or even their paths can only be obtained from written records, 
which are available from about 500 BC. The most complete reports 
of comets come from China, whereas reports from Europe are in- 
complete, and only single out certain individual comets. Chinese as- 
tronomers also gave details of the oldest cometary apparition that 
can be identified nowadays, from the year 613 BC. Readily under- 
stood indicators are provided by Halley’s Comet, which was obser- 
ved in the years 240, 164, 87 and 12 BC. After the birth of Christ, it 
appeared in AD 66, 141, 218, 295, 374 and 451. 

One of the oldest comets documented from Europe is the Great 
Comet observed by Aristotle in the winter of 373-372 BC. The Greek 
thinker saw it in his childhood. He later wrote in his work Meteo- 
rologica: “its light stretched as a great ribbon across one third of the 
sky”. Aristotle linked the comet with an earthquake and with a ‘tidal 
wave that the latter produced - an early example of the interpreta- 
tion of comets as harbingers of disaster that persisted into modern 
times. According to Diodorus, witnesses claimed that the comet had 
cast shadows like the Moon. A few chroniclers report that the comet 
eventually ‘broke into two planets’. According to modern analysis, 
it was probably a sungrazer, which broke up after a close approach 
to the Sun. If this is so, the Comet of 372 BC may be the parent co- 
met of the Great Comets of 1680 and 1843. 

Dating from the year 240 BC, the first full sightings of Comet Hal- 
ley come from China and Mesopotamia. At its return in 164 BC the 
apparition of the comet was documented on Babylonian cuneiform 
tablets. The comet of 135 BC is famous for appearing at the birth 
of King Mithridates VI of Pontus. It was visible for 70 days; Sene- 
ca described it, according to eye-witnesses, as “stretching out like 
the Milky Way”. Mithridates later had coins struck with a comet as 
motif — a tradition that persisted until modern times. Because of its 
appearance, the comet was likened to a horse’s mane, and was also 
called the ‘horse comet’. 

The comet that appeared after the death of Julius Caesar in 44 BC 
has also gone down in history. The comet, known as the Julium Si- 
dus’ (Julian Star’), appeared during the eleven-day games of Venus 
Genetrix. The goddess symbolized the mother of the Roman people, 
and was the patroness of the Julian family. Caesar himself had intro- 
duced the games in 46 BC. Many contemporaries saw the comet asa 
torch, marking the murder of Caesar, and thought that it represen- 
ted his soul, rising to heaven. Shakespeare transferred the appear- 
ance of the comet to a time before Caesar’s death and thus used its 
appearance as an announcement of his death. The comet was also 


seen in China, where the annals report the length of the tail as up 
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to 15°. However, the Chinese observations show discrepancies in ti- 
ming when compared with those from Rome. 

The appearance of Halley’s Comet in 12 BC served to announce 
the death of the Roman commander, Marcus Agrippa. In China it 
was followed for more than 56 days. It was the source of ‘a great deal 
of worry for the Chinese emperor, because he took the comet as an 
omen of an attack and warned his officials to be vigilant. 

The brightest comets of the first century AD all became famous 
as signs of death and troubles. According to Chinese chroniclers, in 
June-July 54, a bright comet was seen in the sky for about a month. 
It was taken to be a sign of the death of the Roman emperor Claudi- 
us, who was poisoned by fungi by Nero’s mother Agrippina in Oct- 
ober of the same year. 

Even more famous was Nero’s Comet of AD 65. According to Se- 
neca it was visible for six months from Rome, and the Chinese ast- 
ronomers recorded it for 135 days. During this time the then empe- 
ror, Nero, committed one of his acts of tyranny; fearful of the end of 
his rule, he ordered the deaths of some of the Roman ruling classes, 


and had others send into exile. Tacitus, writing in his Annals, said: 


“A comet appeared, upon which Nero took care to shed the blood of 


some outstanding person as an expiatory sacrifice.” The assassina- 
tion of his wife Octavia in AD 62 and Seneca’s suicide on Nero's or- 
ders in AD 65, were also linked to comets - although the appearan- 
ce of a second comet was possibly involved there. Seneca described 
comets as ‘malevolent torches’ in his play about Octavia’s downfall. 
He was, however, opposed to the astrological interpretations of co- 
mets. According to legend, the comet was predicted by Aristotle 
and Theophrastus. 

Comet Halley's appearance followed just one year later. It was link- 
ed to the destruction of Jerusalem by the Romans. The Romano-Jew- 
ish historian Flavius Josephus described the comet as ‘a star like a 
sword’ that hung, menacingly, over Jerusalem. It is possible, howe- 
ver, that another apparition of a comet in AD 70-71 is intended. In 
AD 79, another comet appeared on the scene, which was interpreted 
as a negative sign for the Emperor Vespasian. According to tradition, 
however, the latter shrewdly held that the hairy nature of the star 
would be more appropriately applied to the Persian rulers than to 
his bald head. Nevertheless, Vespasian died in June of that same year. 

Comet Halley’s return in AD 218 was seen by contemporaries as 
a sign of the uprising against Emperor Opellius Macrinus. The co- 
met ‘caused great apprehension and was visible for 40 days during 
May and June. The second-closest approach to Earth by Comet Hal- 
ley in historical times took place in AD 374, when the separation 
was only 13 million kilometres. There are, however, no European 


observations of this return, and only a few reports are known from 
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Great Comets since the birth of Christ. In the first image, the Star of Bethlehem is depicted. From the Thea- 


trum Cometicum of Stanislaus Lubinietzky. 


The Star of Bethlehem 


Generations of theologians and astronomers have sought 
a meaning in the famous passages in the second chap- 
ter of the Gospel according to Matthew, which deal with 
the three holy Kings and the birth of Jesus. The text reads: 
“Now when Jesus was born in Bethlehem of Judaea In 
the days of Herod the king, behold, there came wise men 
from the east to Jerusalem, saying, Where is he that is 
born King of the Jews? For we have seen his star in the 
east, and are come to worship him.” (Matthew 2:1—2) The 
three wise men travelled to Bethlehem, following Herod's 
advice. “When they had heard the king, they departed; 
and, lo, the star, which they saw in the east, went before 
them, till it came and stood over where the young child 
was. (Matthew 2:9) 


It was 200 years after these events that a comet was sug- 
gested as the heavenly body in question. According to the 
modern view, however, the Star of Bethlehem was prob- 
ably not a comet — it also does not appear credible be- 
Cause comets were then widely seen as signs of impend- 
ing disaster. Johannes Kepler in the seventeenth century 
suggested that a triple conjunction of the planets Jupiter 
and Saturn in the year 7 BC should probably be interpre- 
ted as the Star of Bethlehem. But it is also possible that we 
might be dealing with another close conjunction of pla- 
nets, where the planets appear as a single ‘star to the na- 
ked eye, or else with the appearance of a nova or super- 


China. In AD 390, a great comet appeared in the sky, to which an 
extremely close encounter with the Earth of about 14 million kilo- 
metres was also ascribed. Chinese sources report tail lengths of up 
to 100°. The Greek historian Philostorgios described it as ‘hardly any 
fainter then Venus’ and compared its shape to that of a sword. It ap- 
peared like a pillar to the Roman historian Ammianus Marcellinus 
and was visible for 30 days. 

Another sword-shaped comet created a sensation in AD 400. It 
appeared ‘larger than anyone had ever seen before’, and its closest 


approach to Earth possibly amounted to just 10 million kilometres. 
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nova. In all seriousness, to the modern point of view, it is 
impossible to Know, with any degree of certainty, wheth- 
er we are dealing with an actual astronomical event, or 
with a legend created subsequently by the evangelists. 


The closest appearance in time of a bright comet was the 

return of Halleys Comet in 12 BC. However, its visibili- 
ty is too early, according to current views of the date of 
Christ's birth, which is taken to be between 7 and 4 BC. 
In addition, according to Chinese sources the comet was 
observed during the late summer and autumn, from 26 
August until 20 October, which does not agree with the 
traditional date of Christmas. It is unlikely that any other 
comet could have been the Star of Bethlehem, because 
there are no such indications from the otherwise reliab- 
le Chinese astronomers. 


In the Middle Ages and in early modern times, although 
the scene of the three Kings and the Christ child was paint- 
ed Trequently, Only in afew cases Is acomet depicted, line 
negative astrological connotations made such an asso- 
ciation unlikely. Only after the fear of comets had been 
overcome were comets introduced as a motif in scenes 
of the Adoration of the Magi. The modern-day popular 
depiction of the Star of Bethlehem as a comet should 
therefore been seen as purely symbolic. 


In AD 442 a bright comet was followed for more than 100 days. Its 
perihelion lay outside the Earth’s orbit, and so it could be seen in 
the night sky in opposition to the Sun. Halley's Comet at its return 
in AD 451 was clearly visible in the morning sky, when, partly du- 
ring the night, the great battle of the Catalaunian Plains took pla- 
ce, in which Attila was stopped by the Romans. In AD 467, accor- 
ding to the Byzantine chronicler Theophanes, a comet appeared ‘in 
the form of a trumpet’ for 40 days. This rounds off the list of great 


comets in antiquity. 


Great comets in the Middle Ages 


During the Middle Ages, the appearances of Comet Halley marked 
the passage of time: It was in the sky in the years 530, 607, 684, 760, 
837, 912, 989, 1066, 1145, 1222, 1301, 1378 and 1456. Many of its appar- 
itions were very bright and were well-observed in Europe and Asia. 

The return in the late summer of 530 was preceded, on 9 April of the 
same year, by a great meteor shower, when the Earth passed through 
the orbit. This produced a major outburst of the Eta Aquarid meteor 
shower, which may be observed every year in April and May. In the 
Nuremberg Chronicles, the appearance of Comet Halley in 684 was 
held to be responsible for ‘great rains and lightning strokes’ with in- 
juries and deaths in Italy and Rome. In China the comet was seen for 
33 days. Korean and Japanese observations have also been preserved 
with those from China. 

At Easter in 837, Comet Halley made its closest approach to Earth in 
recorded times. It was less than 5 million kilometres from the Earth. 
That corresponds to about 13 times the distance to the Moon. At this 
return the tail was well over 120° long, and the comet's overall magni- 
tude was —4 mag. It was observed from March to May, during which 
time the tail pointed in every direction in succession on the sky. Ac- 
cording to legend, Louis the Pious took the comet as a sign for a re- 
turn to God, although his chronicler Aginard said to him “Do not fear 
signs in the heavens, they only frighten fools.” Just one year later, in 
November and December, another ‘dreadful’ comet appeared, which 
‘stretched across the whole sky’. 

In 905, a very bright comet appeared in the daytime sky from 18 
May. Chroniclers reported ‘a terrible, large, and impressive comet, 
which terrified everyone that saw it’. In May and June, after periheli- 
on, it was in the evening sky, and its tail reached 100° in length. Co- 
met Halley’s return in 1066 was taken as an omen for the conquest of 
England by William the Conqueror, who defeated his adversary Har- 
old at the Battle of Hastings on 14 October 1066. The comet is shown 
on the famous Bayeux Tapestry, which depicts events before and after 
the battle (see page 17). The comet was visible in the morning sky from 
3 to 22 April, and in the evening sky from 24 April to 6 June. Perihe- 
lion had already occurred on 21 March. Many sources report an out- 
burst of the comet on 24-25 April - an event that was later recogni- 
zed as being typical for Halley’s Comet. At its very close approach to 
Earth on 24 April of just 15 million kilometres, the comet must have 
reached a magnitude of between -2 and —4. 

On 4 or 5 February 1106, a comet appeared that could immediate- 
ly be seen in the daytime sky. It was later in the evening sky, and its 
tail reached a length of 60°. European chroniclers reported that on 16 
February, a meteor separated from the comet and fell to Earth. Many 
authors view this comet as being identical with Ikeya-Seki 1965. 

In 1145, Comet Halley was initially in the morning sky, changing 


to the evening sky after solar conjunction in the middle of May. It was 


observed between 15 April and 6 July. This return at the time of the 
Second Crusade is probably depicted in the Eadwine Psalter, now at 
Trinity College, Cambridge. 

At Comet Halley’s next return in 1222, it was discovered on 3 Sept- 
ember by Korean observers, shortly before solar conjunction. Accord- 
ing to their report, it was visible in the daytime sky on 9 September. 
When in the evening sky, it had a tail reaching a length of up to 45°, 
and a brightness of about 1 mag. Allegedly, when the comet appea- 
red, Genghis Khan had many men put to death in Herat in Afghanis- 
tan, although the legend probably related to the conquest of Bamian 
in 1220, and thus significantly before the comet appeared. 

The comet of 1264 remains to this day one of the greatest cometary 
phenomena in history. It was visible for four months. After its disco- 
very in the evening sky after perihelion, its tail reached a length of 
100° in July. The French monk Aegidius de Lessines determined the 
position of a comet for the first time, which later allowed the orbit to 
be established. However, contemporaries largely took an astrological 
view of the comet. 

Comet Halley was again in the sky in September 1301. Its perihe- 
lion occurred on 25 October. From Central Europe it was circum- 
polar from 20 September, becoming brighter at the same time. The 
comet reached its maximum brightness at around 1 mag on 24 Sep- 
tember. Petrus Lacepiera (Peter of Limoges) determined its position 
between 30 September and 6 October. This return has become well 
known through the famous fresco by Giotto di Bondone in the Cap- 
pella degli Scrovegni (the Scrovegni Chapel) in Padua, executed from 
1302 to 1305, which shows it as the Star of Bethlehem. The German 
scholar Conrad of Megenberg commented on its meaning “The comet 
means much strife and treachery and unfaithfulness and the death 
of a number of princes and general bloodshed” (based on the Tam- 
man/Veron translation). In contrast to the great attention given it at 
the beginning of the century, in 1378, Comet Halley was hardly ob- 
served at all from Europe, even though it followed a northern path, fa- 
vourable for observation. Bad weather is probably the reason for the 
chroniclers’ silence. 

The Great Comet of 1402, however, caused a great impression, and 
which was visible from June to September. It was visible in the daytime 
sky for a week - a record that holds to today. Jacobus Angelus (Jakob 
Engelhart), in his Tractatus de Cometis, described the tail as being ‘in 
the shape of a pyramid’. A Byzantine chronicle, in contrast, spoke of 
an appearance that looked ‘like a spear’ on the horizon. 

The final reappearance of Comet Halley during this period was in 
1456. Chinese astronomers discovered the comet as early as 27 May, 
probably as a result of an outburst. The position determinations by 
Paolo Toscanelli have proved to be valuable, because he made obser- 


vations nearly every day between 8 June and 8 July. In Austria, Georg 
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von Peuerbach in Vienna 
and Thomas Ebendorfer in 
Haselbach observed a tail 10° 
in length. Peuerbach also at- 
tempted to measure the pa- 
rallax of the comet, and de- 
termined a distance of at 
least 1000 German miles (a 


German mile, or Meile, was 


about 7.5 kilometres). The ef- i See le a Mg e) Bo Se 
forts of Toscanelli and Peu- 2 BIBI OS Se! 7D) 


erbach - although both still 
believed in the astrological 
meaning of comets - marked 
the beginning of scientific re- 


search about comets, and the _ 
Talli ve 


= 


end of the way of looking at 
comets as objects of astonish- 


ment and mythology. 
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¥ Great Comet of 1471 


o this day, no brighter comet has come so close to the Earth. Just 10 million kilometres separated man- 
kind, at the transition from the Middle Ages to modern times, from one of the brightest comets ever 


to appear. But the old world-view remained firmly established. Many astronomers firmly believed that 


comets were earthly phenomena, “below the Moon’. 





Number: 1 
Designation: C/1471 Y1 
Old designation: 1471 | 
Discovery date: 25 Dec 1471 
Discoverer: Unknown 
Perihelion date: 1 Mar 1472 
Perihelion distance: 0.4859 AU 
Closest Earth approach: 22 Jan 1472 
Minimum Earth distance: 0.0696 AU 
Maximum magnitude: —3 
Maximum tail length: 50° 
Longitude of perihelion: 245.7° 
Longitude of ascending node: 292.9° 
Orbital inclination: 170.9° 
Eccentricity: 1.0 

Orbit and visibility 


C/1471 Y1 is unique among the bright comets of modern times, be- 
cause no brighter comet has come so close to the Earth. On 22 January 
1472, the separation was just 10 million kilometres. Since then, only the 
Great Comet of 1556 and Hyakutake in 1996 reached a somewhat com- 
parable value, but neither, however, came so close to our home planet. 

The period of visibility was restricted to the time before perihelion 
on 1 March 1472. The comet first appeared in the constellation of Vir- 
go in the morning sky at the end of December 1471. From there it mo- 
ved on a generally northerly path into Bootes, passing Arcturus, and 
into Coma Berenices. 

At the end of January 1472, the comet reached Ursa Major, and was 
visible for the whole night from Central Europe. On the 22nd it passed 
the North Celestial Pole at a distance of 15°. Closest approach to Earth 
occurred the following day. At this time the comet was moving faster 


than 1° per hour and within 24 hours had passed from the spring con- 


A portion of the Latin version of the Nuremberg Chronicle with the 





description of the Comet of 1471. J. Schonsperger 
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stellations to the autumn ones. However, the Full Moon on 27 January 
affected its visibility. 

At the end of January, the comet moved back towards the south. It 
was now an object in the evening sky and was passing through the au- 
tumn constellations. There, it disappeared in Cetus around the time 
of perihelion. Passage past the Sun followed shortly after on 11 March. 


No observations were recorded after perihelion. 


Discovery and observations 


Itis no longer possible to say, with any certainty, whether the comet was 
first seen in China or in Europe. Individual sightings had been made 
as early as Christmas 1471. However, in general, it was first seen in the 
second week of January 1472. At this time, Korean astronomers gave a 
tail-length of 4° to 5°. By the third week of January it had increased dra- 
matically to 30°. According to contemporary reports at this time the 
head of the comet was already ‘as large as the Moon’! 

The Italian scholar Paolo Toscanelli followed the comet from the 8 to 
31 January 1472. In doing so, he noticed the rapidly increasing and, af- 
ter the 23rd, decreasing, velocity across the sky. Johannes Miller, better 
known as Regiomontanus, observed from Nuremberg from 13 January 
to the end of February. He noticed that the tail was always directed in 
the direction of Gemini — which actually corresponded approximately 
to the opposite direction to the Sun, which at that time was in Sagitta- 
rius. However, this relationship was not obvious to him. Regiomonta- 
nus believed that the tail had a daily rotation, because, to him, the co- 
met was not a heavenly body, but was of earthly origin. 

On 20 January, Regiomontanus recorded a tail length of about 50°. 


The comet must have presented a magnificent sight at this time. Chi- 


nese sources even claim that, when close to the Earth, it was visible in 
daylight. However, that is believed to be rather unlikely, because peri- 
helion only came about a month later. With its magnitude of -3, how- 
ever, C/1471 Y1 was one of the brightest comets that has ever been ob- 


served outside twilight. 


Background and public reaction 


Because of the uncertainty of historical sources, it is difficult to estimate, 
nowadays, how bright the Great Comet of 1471 became. The most reli- 
able observations suggest a bright, but not an exceptionally bright, phe- 
nomenon. Accordingly, the comet would probably not have been visi- 
ble in daylight. 

Eberhard Schleusinger from Bamberg took the Great Comet as an op- 
portunity to carry outa distance determination. He did this, starting from 
the Earth’s circumference as being 913 German miles (Meilen), and that 
the distance of the Moon was 33 times this value. He determined the dist- 
ance of the comet from a daily observation of its motion relative to the 
star Spica. From a value of 6°, he calculated the distance as 8200 Meilen 
(equivalent to about 62 000 km) — which confirmed the Aristotelean view 
that comets were not objects within the outer fiery spheres, but instead 
belonged to the sublunar region influenced by the Earth. Regiomonta- 
nus, who became famous through his tables of ephemerides for seamen, 
accepted Schleusinger’s calculation. It was published after his death and 


has thus falsely been ascribed to him by many different sources.. 
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¥ Comet Halley 1531 


he Reformation and book printing were reshaping Europe when Halley's Comet made its first appear- 


ance in modern times in 1531. While Protestant clergymen propagated the idea that the comet was a 


divine sign to Christianity about changing from old views to new ones, in Ingolstadt Peter Apian ob- 


served that the tail always pointed directly away from the Sun. 








Number: 2 
Designation: 1P/1531 P1 Halley 
Old designation: 01531 | 
Discovery date: 5 Aug 1531 
Discoverer: Unknown 
Perihelion date: 26 Aug 1531 
Perihelion distance: 0.5812 AU 
Closest Earth approach: 14 Aug 1531 
Minimum Earth distance: 0.4414 AU 
Maximum magnitude: 0 

Maximum tail length: 15° 
Longitude of perihelion: 107.0° 
Longitude of ascending node: 52.1° 
Orbital inclination: 162.9° 
Eccentricity: 0.9674895 


Orbit and visibility 


The return of Halley's Comet in 1531 was favourable for northern- 
hemisphere observers. The comet passed north of the Sun at closest 
Earth approach and was thus well-positioned for European viewers. 
As such, the period of best visibility was before perihelion. 

At the end of July, when the first sightings of the comet were made, 
it was in the morning sky east of Bootes. Its path took it towards the 
north, though an area that later became the constellation Lynx, be- 
low the paws of the Great Bear, Ursa Major. On 8 August it reached 
its greatest northern declination there. In Central Europe it was thus 
circumpolar, and could therefore be seen throughout the night, with 
the best viewing conditions after evening twilight and before dawn. 

In the middle of August, the comet passed the Sun, reaching the 
minimum distance of 23° on the 16th. The comet was then north of 
Leo. Visibility was now restricted to the evening sky. The distance from 
the Sun increased to 36° on 29 August. Perihelion occurred shortly 
before that date. 


In September the comet again appeared to move towards the Sun. 
It passed southwards through Virgo, where the last observations 


were made. 


Discovery and observations 


The comet was first sighted from China on 5 August, when it was bet- 
ween Auriga and Gemini. At that time it already had a tail that was 
about 2° long. 

The most influential European observer was Peter Apian, who fol- 
lowed the comet from Ingolstadt. He noted its position between 13 
and 23 August. 

By 13 August the tail had developed to an imposing length of more 
than 13° It stretched towards the north, such that in Central Europe 
it could be seen around midnight above the northern horizon. 

The greatest magnitude came on 18 August. According to modern 
calculations the comet must have reached between magnitude 0 and 
1. From Europe the last observation was on 3 September. In the Far 
East, because of the more southerly locations, it could be followed 
until the 8th. 


Background and public reaction 


Halley's Comet was the first of three bright comets in just two years. 
With its magnitude of up to -1, C/1532 R1 must have been signifi- 
cantly brighter. It followed a similar path to Halley's, from Gemini, 
across Leo, and into Virgo and, overall, was visible for 119 days bet- 
ween 2 September and 26 December 1532. Tail lengths up to 15° were 
reported. C/1533 M1 appeared in the sky in July and August 1533 for 
about 80 days. Its magnitude amounted to about 0. The first of Hal- 
ley's Comet’s returns in modern times coincided with the rise in print- 
ing and also the Reformation. In Germany, where both started, both 
pamphlets and broadsheets first appeared, describing the occurren- 
ce and its significance. In particular, Protestant clergy reinterpreted 
the traditional astrological explanation into Christian terms, in which 


the comet, as ‘God’s scourge’, announced a turning point in history, 
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and which should cause the faithful to adopt the true faith through 


repentance and reform. Martin Luther also saw the comet of 1531 as 


a sign from God and, in a letter of 18 August, remarked that the co- 
met “did not mean anything good”. 

But the old astrological doctrines flourished. The Swiss reformer, 
Huldrych Zwingli himself, saw the comet as a prediction of his early 
death, which actually occurred on 11 November. An astrological co- 
met pamphlet by Paracelsus, the physician, about the negative con- 
sequences of the comet, which was, of all things, dedicated to Zwing- 
li, may well have had an influence. 

Pioneering astronomical work was carried out by Apian (Peter Bie- 
newitz) of Ingolstadt. He followed the comet's path across the sky and 
determined the position of the comet over many weeks. Admittedly, 
his position determinations were fairly inaccurate, but he noticed that 
the comet's tail was always directed away from the Sun. Apian con- 
firmed this relationship, first found in Halley’s Comet of 1531, with 
subsequent comets in 1532, 1533, 1538 and 1539. He published his re- 
sults in his monumental work Astronomicum Caesaraeum. Even then, 
Apian also had the idea of determining the distance of the comet, by 
means of the parallax, that is, the apparent shift in its angle as seen 
from different places on Earth. With the means at his disposal, how- 
ever, he was unable to carry out this procedure. For Halley’s Comet 
of 1531 he gave a straight-line path rather than a curved orbit, as was 


considered to apply to comets until well into the seventeenth century. 
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< By the time of Halley's re- 
turn in 1531, the relation- 
ship between the position 
of the Sun and the direc- 
tion of the tail had been 
established in the western 
world. This illustration 
shows measuring the pos- 
ition of the comet relative 


to stars. Woodcut. P. Apian 


V Illustration of the bright 
comet C/1532 R1, which ap- 
peared just over a year af- 
ter Halley's Comet. Water- 


colour. Unknown artist 
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¥ Great Comet of 1556 


wo frightful earthquakes marked the year 1556. In China almost one million people were killed and, 

in the Middle East, wide areas of the city of Constantinople (present day Istanbul) were destroyed. To 

contemporary witnesses the event responsible was definite: the Great Comet that appeared in the early 
part of 1556. Like Hyakutake 430 years later, its path took it close to the Pole Star. 
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The Comet of 1556 was regarded as the cause of the great earthquake in Constantinople (Istanbul) on 10 May 1556. Coloured wood- 
cut. Hermann Gall 


Orbit and visibility than a month before perihelion. C/1556 D1, however, approached 
Earth some 3 million kilometres closer than Hyakutake’s distance of 

The path of the Comet of 1556 had certain similarities to that of Co- 15 million kilometres. 

met Hyakutake. Its track across the sky took it, like the latter, past the At discovery, the comet was west of Spica in Virgo. As such it was al- 

North Celestial Pole. Closest approach to Earth likewise came more most opposite the Sun and was thus visible throughout the night. At 
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Number: 3 
Designation: C/1556 D1 
Old designation: 1556 | 
Discovery date: 27 Feb 1556 
Discoverer: Joachim Heller 
Perihelion date: 22 Apr 1556 
Perihelion distance: 0.49 AU 
Closest Earth approach: 12 Mar 1556 
Minimum Earth distance: 0.0834 AU 
Maximum magnitude: —2 
Maximum tail length: 10° 
Longitude of perihelion: 100.9° 
Longitude of ascending node: 181.4° 
Orbital inclination: 32.4° 
Eccentricity: 1.0 


the beginning of March, the comet rapidly moved towards the north 
through Virgo, across Coma Berenices and into what later became 
the constellation of Canes Venatici. On 13 March, the comet crossed 
the ‘tail’ of Ursa Major, and this was the day it came closest to Earth. 
In the following days, the comet passed through the northern regi- 
on of the sky, across Ursa Minor and Draco. The circumpolar location 
improved visibility conditions for European latitudes. The comet's tail 
pointed towards the southwest. This resulted in the rare effect that, du- 
ring the first half of the night, the tail stood up above the horizon. At 
the end of March, the comet moved through the constellations of Ce- 


pheus and Cassiopeia. In doing so, within a few days, it moved from 


the spring constellations to those of autumn. 


Observational conditions rapidly worsened. The comet was now 
only visible in the morning twilight. On 1 April, the comet was in the 
constellation of Andromeda, rapidly moving south. Perihelion took 
place on 22 April, as the comet was passing through the northern por- 
tion of Pisces. The last observations were made in Aries, when the co- 


met was about 30° away from the Sun. 


Discovery and observations 


The Nuremberg calendar maker, Joachim Heller, was on a journey in 
the Fichtel Mountains in Bavaria near Bad Berneck, when, on 27 Feb- 
ruary 1556, he saw a ‘great fiery unusual star’ beneath Spica in Virgo. 
He was unable to see any tail. 

On 3 March, he saw the comet again after his return to Nuremberg 
and learned that it had been noticed from the town on previous days. 
By this time a small tail was visible. From the beginning of March, 
the comet began to cause attention in other locations. In China it was 
seen from 1 March, and in Mexico from 6 March. 

Heller followed the comet subsequently from 6 March to 22 April. 
Paul Fabricius, the personal physician to the emperor, Charles V, and 
who was also an astronomer in Vienna, carried out nearly daily ob- 
servations from 5 March. A contemporary observer likened the ap- 
pearance in the sky to the ‘flame of a candle, blown by the wind’. In 
the middle of March, Fabricius compared the brightness to first-mag- 
nitude stars, and established that the comet appeared brighter. Con- 
trary to this, the Belgian astronomer Cornelius Gemma likened the 
brightness to that of Jupiter, and its colour to that of Mars. Nowadays, 
a maximum magnitude of —2 is assumed. 

However, the tail does not seem to have increased in length. If 


we take the sketches by Gemma on a chart as a basis, it did not ex- 
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< Path of the Comet (top) and view over Nurem- 
burg (centre). D. Fabricius (top), H. Weygel (centre) 


ceed 5 to 10 degrees. Strangely enough, at closest ap- 
proach to Earth on 13 March, the comet was brief- 
ly lost by many observers. This could be ascribed to 
the weather, but may perhaps be because of the acti- 
vity of the comet itself. 

From Europe, the comet was seen for the last time 
in the middle of April. Chinese reports continue to 


report it until 10 May. 


Background and public reaction 


Contemporary witnesses linked the Great Comet of 
1556 with two disastrous earthquakes in the same year. 
However, these occurred both before and after the co- 
met was visible. The earthquake of 23 January 1556 in 
the Chinese province of Shaanxi remains to this day 
the most deadly earthquake of all time. Some 830 000 


people were killed. There were significantly fewer vic- 





ne J SSS tims of the earthquake on 10 May in Constantinople, 
up! Pam 18 “SSS St but large portions of the city were destroyed. The min- 
arets of the converted Hagia Sophia mosque collapsed 

C3 as well as large sections of the city wall and its towers. 


According to legend, the Great Comet caused 
Charles V, the Spanish king and Holy Roman Empe- 
ror to abdicate and enter a monastery. As a result, the 
comet was also known as ‘Charles’ Comet’. 

Some 300 years after the appearance of the comet, it 
once again made the headlines. This was due to calcu- 
lations by the English astronomer John Russell Hind, 
who considered that the Comet of 1556 was a return 
of the Great Comet of 1264. He predicted a further re- 
turn for 1850, but astronomers waited for this in vain. 
According to current knowledge, no link between the 
comets of 1264 and 1556 can be established. 


< Acontemporary illustration of the Comet of 1556 


from southern Germany. 


> Broadsheet about the comet, which links 
the celestial body with the earthquake in 





Constantinople. H. Gall 
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¥ Great Comet of 1577 


comet ‘as bright as the Moor’ appeared in the evening sky in November 1577. The general public, in- 
timidated by numerous broadsheets, trembled at the sight of this ‘horrible’ star. Meanwhile the astro- 
nomers — who also acted as astrologers — fell out amongst themselves. Some saw an ominous portent 
in the red colour of the tail, while others attempted to determine the distance. The fight between superstition 


and science was to dominate the discussion about the meaning of comets for some time to come. 
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The Great Comet of 1577 over Prague. Woodcut. G. J. von Datschitz 
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Number: 4. 
Designation: C/1577 V1 
Old designation: 1577 | 
Discovery date: 1 Nov 1577 
Discoverer: Unknown 
Perihelion date: 27 Oct 1577 
Perihelion distance: 0.1775 AU 
Closest Earth approach: 10 Nov 1577 
Minimum Earth distance: 0.6271 AU 
Maximum magnitude: —/ 
Maximum tail length: 30° 
Longitude of perihelion: 255.7° 
Longitude of ascending node: 31.2° 
Orbital inclination: 104.9° 
Eccentricity: 1.0 


All dates are In the Julian calendar. 


Orbit and visibility 


When the comet was discovered, its perihelion on 27 October 1577 had 
already passed by a few days. It should have been easily visible in the 
evening sky in October in Bodtes, but no sightings have been hand- 
ed down from that period. 

In the first days of November, the comet was in Scorpius, about 15° 
from the Sun in the evening twilight. The tail pointed towards the 
south, so that initially, for a European observer, there was the un- 
usual sight of a comet whose tail sloped down towards the horizon. 

On5 November, the comet passed the bright star Antares. At closest 


approach to Earth on 11 November it was already in the constellation 


=> sg 


of Sagittarius. The time for observations after sunset had increased 
by three hours, and the comet could be seen clearly under dark skies. 
The tail now turned into a more easterly direction, so that from Cen- 
tral Europe, when the comet was in Aquila, it appeared to run more- 
or-less parallel to the horizon. 

The comet then rapidly increased its distance from Earth. On 25 
November, the Full Moon interfered with its detection. On 1 December 
the comet entered Equuleus, and at the turn of the year, 1577-78 was in 


Pegasus. It was there until the last sightings took place in January 1578. 


Discovery and observations 


The first observations of the Great Comet of 1577 came from Peru, 
which had been conquered by Francisco Pizarro barely 45 years befo- 
re. Here, the comet was first noticed on 1 November, when ‘it shone 
through the clouds like the Moon’ In Japan, where it was also de- 
tected, on 8 November, the comet ‘appeared as bright as the Moon’. 
According to modern estimates the magnitude at that period was as 
bright as -7 magnitudes! 

In Europe, the comet was seen in the middle of November. Bartho- 
lomaus Scultetus in Gérlitz saw the comet on 10 November as ‘great 
red mass, spewing fire, with the end terminating in smoke’. Two days 
later, Michael Mastlin in Tubingen noted the enormous tail, about 
30° long. Tycho Brahe, at a disadvantage because of his northern 
location on the Danish island of Hven, accidentally discovered the 
comet in the evening twilight, in Pisces, on 13 November. It appea- 
red to him ‘as bright as Venus when closest to the Earth’ and at the 
beginning of darkness found the tail to have a length of 22° and a 
width of 2.5°. Brahe described the head as ‘golden’ with ‘red rays’. He 
carefully followed the comet over the following days. In doing so, he 


noticed the decrease in its apparent motion in the sky from approxi- 
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SPs man salt 1577, Sar tm Qonemberiericheine ein 
Comet /weldics glaihen st Onfern septen im Yar | $S1.ond 1 $S6. gefehen wor 
dent. «iE aber den 1 J. nd 1 4. tag gemeltent onars un Staincoct nicht weyr von Gatnrno vnd tion 
gerentiTitternacht geffanden / vind feinen Schivang gegen dem anffgang der Gonnen geworffen. Gold 
firitlifch saichert hat wol (eit watiirlich vefacdhen /foanf den Finfternujfen /welcher 3wo dif Far gefcheber 
feind /vnd von dem Serorigen (chwefelichen DAmpifen/foanf Frafft der herzfehenden Dlancten/als Matis 
vnd SGaturm anfigeboben worden /genominen werden / f>ataber darneben auch fei (chreckliche bedeiite 
tung / welche nach lebz ond erfarnuf der alten Aftrologentvnnd Maturkindiger allbre erselet folicn werdett, 
Dann erftlicd bedetis O1f Prodiginm ein groffe (it / welcher balbendas Erdtrich foll aufgetructnet pand 
pnfrucdbtbar gemadyt werden. Zum andern/ein gemein Srerben vow wegen der Luft / auP welcher das Hue 
midum radicale/ das {t/matirliche fetichtighert /roirde gletchfam aufgefogen oder ja vergifft von warmmen 
grobentraben dunfien. Sum duttes/ grewliche Arieg vnd Aujffriid: / fampt verenderung Gaiftlicher vnd 
Weltlicher fanungen vndPoliceyen. Sum vierdten /abgang grojfer erzen Ficfien vad Mionarchen, Zum 
fiinffren / fchadlicbe anPlanff der Slap ond Mleers/Frem Searmryind ynd Erdbidem, Fun fechften ft dif 
Prodigium ein 3aichett/ Oardurch vas Gott vermanet ( Steel fein ftraff nicht weyt) etn Gortfelig leben 
sufticen / ond mit emfigem Gebett bey jm angubaleen / die wolnerdinte ficaff von vuns abjuwenden. Dann 
rian Gort (Eraffes will /(o pllege Ce allwegen our folche Jatchen feinen zoren anguzeigen / nie Dann anf 
allen eiftorent wolsufeben. 165 erftreckr fic aber dre bededieung difes Cometens bif antf swdl(fF Jar, Der 
Alitinechtige barmbeenige Gott wil vns fein genad verlerhen/ das wir follicl Fornszarchen cect bedenctes/ 
pd 4i einem Hiradenzaichen verFeren mogen/Amert, 
§ Getrucke 3 Ang{purg Ourey Valentin Sh Sigh auf vufer Fracsen Thoz/ 
vnd bey Hanns Schultes Buejfinales vud Younfchueyder zufinder, 


Two broadsheets about the Great Comet of 1577 with views of the city of Augsburg. Both representations relate 
to 12 November 1577. Valentin Schdonigk (above), Bartholme Kappeler (opposite) 


Linturgeerinnerung pon dem Cometen /(oauFoery 
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Ac dens dan abermals mit dies new [chevebenden Liecht vnd Cometen/Got feinen orn vnd ftraff 
mider dag Wren fehlich gefchleche/ pnb fetuner orlfeleiqen Sinden twillen offenbarer ond guerfennen aibe: ijt onlengbar / das ex baffelbig mit 
allerlen ftraffen ond plagenwerde hermfuchen/dannanch <ucanus fage: Ec celonunquam {pectatum impune Cometem, dasift: 
, Ss ift tein Somer me gefehen worden daranff wie befundere firaffen erfolacr were, QWLill derwegen dem gurhersiqen Lefer auffs furkelt 

fiir Die Augen (Fellen/was difer net ond noch fehwwebende Comet/auf Affrologifayem: grumd fiir bedeurung ond Gotelider Nath anyere 
ndan gefest alles anders/ond allem auffs endachn/daran dem gememen Wann am aller meiffenaelegen. Oremweil dann trjer Comets 

(tore Die Gelehrren wilfers) aang ond gar Sarurnifher art ond enaen(chaffe /fo drewee er er(tiic vilen Leiiten Weelancholifche franctheitens Kop fimches 

Sehr dDluche/mperekalydy Sreber/fadenden Webraaenyden RKreps/Auflag/bsfe Maude, Wlurflifi/den Stags in Summa Janareririge Rrancthene 
cc. §=Darnad brewer er K rieg jterfaen p orenraten pnd iren Undrerthonen/ yu bem auch viller Secure jarmmer ond piiqlicl/ander(tive ancf/steirradt/ 
beleqerung der Sera Tein, Oitfey arolfer Siriten pid Herwen abjterben/peradiung Banthicher Perfonen/pnd verfo [qiuitg der aorefelagen, 

my uit Oriecen aft subeformen erie werden einen ranhen pon fAlrennd Schnee Wineer haben/darauff dann auc cin aro Gerwelfer anfallen/onnd 
an viten ertein Den SelDhaw perderben mag, Erlich fegen dary Hunger/Delileng, gnd Auffrubs / teldes fic burd) ben Commercaa fo pndeer der Ree 
gicrung Ranfers Nainrichen des prerdeen im ro97. Nar erfchinensbeftertigen. Darn da it erfelich groife shetire sere md Peftuleng exfolge. Dachmals 

, barber horbberimbr Nersoa Sortfrid Billionius dre Grate HArcrufalem mis Heeres fraffe crobert Pind cigenommien, , 

t sul M Prerdren wird and anaedent/dag fhand ond ia iter / ond priguchs mere pnfegtichen pher hand nemenstoas darn aug fold eorlden toi(ten 
nd dinjiidrtigent leben erfolge/fan ein jeder felb(E ermeifen. Difi ales mbche am meiften die beriirensfo oneer dem irdifden Crrangel / arson befich aie 
Deree Coherffcenty bre ict) omnb Flirge willen hie oneerlafiy Gomderiich aber Avad dem Capricemo pniecrivorffen/twer aber incineer merde Dif onglict gefren 
er ond vberhaben feup/oer hinderdtnef wag die Snfkernusim 1 57 2. ar/onter dem Himlifhen Qarchen des Secinbocts erqangen /htc im Difer ond 
AvercH Der alerchel ortei hitb angermde/der wird frewltdh hefinden/das tic pete nit on furider wehflagen der Lent fey fiiriiber gangen / AWre vil mehz vine 
Acne haben torr YOU rijem jom gener sugetarten. 
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Sy, elu Chufteein Sun des waren ebendigen Gorres/Meaier ons durch defn hanliaen Geift / das tof burd dein Wort/Zaydhen ennd gefdipf 
Jvermanct/dch wahren Gort/fampe dem Varree ond hayligen Geifk reche erfennen ond anviiffen/ Amen. 


@ 3u Avglpurg bey Bartholme Rappeler Brieffinaler/im Flemen 
Sadhjen Gepleim. 


mately 3.5° to 1.5° per day on 30 November and 25' 
per day on 15 January. 

The extremely bright tail started to fade at the be- 
ginning of December. On 28 November, Cornelius 
Gemma reported a doubled tail. Finally, on Christ- 
mas Eve, because of the bright Moon, the tail was 
hardly visible. When Tycho Brahe saw the comet for 
the last time on 26 January, it was barely visible to 


the naked eye. 


Background and public reaction 


C/1557 V1 was one of the intrinsically brightest co- 
mets ever. It passed the Sun at the relatively close dis- 
tance of 0.18 astronomical units, but came no closer 
to the Earth than 90 million kilometres. 

The Great Comet of 1577 caused the earliest peak of 
comet hysteria in Europe with about 200 broadsheets 
and texts, most of which were devoted to the theme of 
the negative consequences of its apparition. The co- 
met was, however, the first in history to be carefully 
followed scientifically. Credit for this goes to the Da- 
nish astronomer, Tycho Brahe. From his determinati- 
ons of position, he believed that the comet arose from 
the rays of the Sun - and actually its path across the 
sky after perihelion appeared to confirm this. On 23 
November, Tycho tried to determine the parallax of 
the comet when compared with the star ¢ Pegasi. Thad- 
daeus Hagecius (Tadeas Hajek) in Prague also obser- 
ved the positions of the comet and star on the same 
day. However, no parallax was detectable, whereupon 
Tycho assumed a minimum distance of 230 Earth ra- 
dii. He gave the tail’s length at 70 000 German miles, 
or about three times the Moon's distance. 

Tycho, who rejected the Copernican world view and 
favoured a mixed system with heliocentric and geo- 
centric elements, saw comets as bodies orbiting the 
Sun and not — as widely accepted at that time — as 
vapours emitted by the Earth. In doing so, he took a 
definite stance in the discussion of whether comets 
were sublunar or supralunar phenomena. Hagecius, 
for example, accepted the classical Aristotelian inter- 
pretation ‘beneath the Moon’. 

Tycho, however, also considered the astrological sig- 
nificance of comets, and predicted major disasters for 
Spain —- which he derived from the southern location of the comet in 
the sky and its appearance in the eighth house, which was associated 
with death. In addition the red colour of the comet was a bad sign. Le- 
gend also has it that the court astrologers to Elizabeth I of England 
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A Coloured print of the Comet of 1577 over Nuremberg — a view towards the south 


across the castle and city. Detail. Georg Mack 





A A Turkish astronomer observing the Comet of 1577 over Constantinople (Istan- 


bul). He uses a quadrant for determining positions. Mustafa Ali 


were also alarmed by the effects of the comet. They advised her against 
viewing the comet, because it would bring bad luck. The queen, howe- 
ver, rejected the advice and, on looking at the comet, remarked laconi- 


cally “Tacta est alia.” (‘The die is cast.’) She reigned for another 25 years. 


¥ Comet Halley 1607 


t was beyond Kepler's powers of imagination to believe that the comet of 1607 would return in 1682. The 


‘discoverer’ of Keplerian orbits believed that comets originated from the ‘ether’ near the Earth, and would 


move perpetually on straight paths out of the Solar System — even though he had himself observed the 


curved path of the comet of 1607 around the Sun. It was not until 100 years later that the time was ripe for the 


comet of 1607 to be ascribed an orbit in accordance with Kepler’s own laws. 





Number: 5 
Designation: P1/Halley 
Old designation: 1607 | 
Discovery date: 20 Sep 1607 
Discoverer: Unknown 
Perihelion date: 27 Oct 1607 
Perihelion distance: 0.5836 AU 
Closest Earth approach: 29 Sep 1607 
Minimum Earth distance: 0.2450 AU 
Maximum magnitude: —1 
Maximum tail length: 10° 
Longitude of perihelion: 107.5° 
Longitude of ascending node: 53.0° 
Orbital inclination: 162.9° 
Eccentricity: 0.9674895 


All dates are in the Gregorian calendar. 


Orbit and visibility 


At Halley's Comet’s return in 1607, observers in the Earth’s northern 
hemisphere were privileged. The period of visibility before perihelion 
found the comet at high northern declinations, so observers in Euro- 
pe were allowed a good view of the comet. 

At discovery at the end of September 1607, Halley’s Comet was on 
the border of the constellations of Gemini and Lynx in the morning 
sky. From the 20 September, it was circumpolar for observers in Cen- 
tral Europe and thus observable throughout the night, without inter- 
ference from twilight. It crossed the southern portions of Ursa Major 
and Canes Venatici at the end of September and beginning of Octo- 
ber, and finally moved towards the south. In doing so it passed close 
to and north of Arcturus. 

In October the observational window had shrunk to the evening 


sky. In the middle of the month, the comet moved south through Ser- 


pens. In making for the Sun, it became ever more difficult to see. It 
finally reached the Sun on 21 November in Scorpius. It had already 
passed perihelion on 27 October. After conjunction with the Sun, the 
comet remained unobservable, because by then it was too far away 
from the Earth. 


Discovery and observations 


Chinese astronomers were the first people to see the comet. On 21 Sep- 
tember, they noted a ‘pale broom star’ with a tail 3° long. The magni- 
tude must have been about 3 at the time. 

In Europe, the first sightings recorded are from 23 September. Jo- 
hannes Kepler found the comet by accident on 26 September, when 
he was standing, watching fireworks from a bridge over the Vltava in 
Prague. He observed the comet continuously until 26 October, noting 
down the current positions. Another careful observer was Thomas Har- 
riot in England, whose series of observations covered 1 to 23 October. 

According to Harriot, the comet was as bright as Arcturus on 1 Oct- 
ober. On 9 October the magnitude had faded to about 2, and to about 
2.8 on 23 October. The last observations from Europe were reported 
on this date. In China, the comet was followed until 12 October. After 


conjunction with the Sun, no observations are known. 


Background and public reaction 


Halley's apparition in 1607 was the last before the invention of the tele- 
scope — Kepler, Harriot and other astronomers of the time were forced 
to rely upon the naked eye. The main focus of their observations lay in 
determining the positions of the comet on the sky, to describe its path. 

Kepler correctly obtained a curved orbit from his observations, a 
sketch of which he also gave in his work about the comet of 1607. But 
he revised this result in his work of 1619, in which he summarized 
his cometary observations obtained up to that date. Here, he spent a 
lot of effort in constructing a path that took the comet away from the 


Earth ina straight line. 
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Obviously Kepler was unable to discard the idea of a linear path, 
even though he had himself advanced epoch-making discoveries about 
planetary orbits. In his work on the comet of 1607, he repeated the as- 
sertions then circulating about comets. According to these, comets 
formed spontaneously out of the ‘ether’ of the sublunary sphere. A spe- 
cific ‘spirit’ accompanied each comet and died with it. The tails aro- 
se from the release of cometary particles through rays from the Sun, 
like steam or mist. If a comet’s tail were to come into contact with the 
Earth, it would bring contamination and death. In addition, the essay 
also contained currently popular astrological interpretations — after 
all, astrology was Kepler’s ‘bread-and-butter’ job. 

Halley's Comet of 1607 made no major impression on the general 
public. Only 17 tracts and broadsheets were published in German. 
They gave various dates for the appearance of the comet — depending 
on whether it was observed from a Catholic or Protestant country 
and thus respectively in the new Gregorian calendar, introduced in 
1582, or the old Julian calendar. The difference amounted to ten days. 
It was only in 1700 that the Protestant states in the Holy Roman Em- 
pire adopted the calendar reform. In England and its colonies the old 


calendar remained in use until 1752. 
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Contrary to his own observations, Kepler constructed a straight 
path for the comet. From De Cometis Libellis Tres, 1619. J. Kepler 


Tou Hem Comeren oder cefil encseent newer 
fich im September diefes{co-7. Fabre hat feben laffen. 
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The path of Halley's Comet through the constellations. The rather ‘angular’ course shown in the upper, reversed representation, is 
remarkable. The lower, more modern, depiction was prepared sixty years later. J. D. Herlitz (top), S. Lubinietzky (bottom) 
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¥ Great Comet of 1618 


n the autumn of 1618, the devastating Thirty Years’ War had just begun, when three bright comets appear- 
ed on the scene at the same time. The general public saw this as an omen for the coming disaster and num- 
erous broadsheets urged believers to reform and repent. Yet at the same time, astronomers such as Johannes 


Kepler were able, for the first time, to scrutinize the comet with a telescope, and were about to demolish myths 


that were hundreds of years old. 





The Great Comet of 1618. Francois Schillemans 


Orbit and visibility sible from southern locations. For Central Europe it was initially lost 

in the glare from the Sun. That first changed at the beginning of De- 
When C/1618 W1, the second bright comet of the year, was discove- | cember, as the comet moved north into the constellation of Libra. An 
red, it had already passed perihelion. In the middle of November it observational window thus opened in the morning sky, which sub- 


was located in the area of Scorpius and Lupus, and was therefore vi- sequently increased steadily. For one thing, the comet was moving 
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Number: 6 
Designation: C/1618 W1 
Old designation: 1618 Il 
Discovery date: 16 Nov 1618 
Discoverer: Garcia de Silva y 
Figueroa 
Perihelion date: 8 Nov 1618 
Perihelion distance: 0.3895 AU 
Closest Earth approach: 6 Dec 1618 
Minimum Earth distance: 0.36 AU 
Maximum magnitude: 0 
Maximum tail length: 100° 
Longitude of perihelion: 287.4° 
Longitude of ascending node: 81.0° 
Orbital inclination: 37.2° 
Eccentricity: 1.0 


All dates are in the Gregorian calendar. 


in a northerly direction, and for another, it also appeared to be mo- 
ving away from the Sun. 

By the beginning of December, it had reached Bodtes. This is where 
its closest approach to Earth occurred on 6 December. On 9 Decem- 
ber it passed about 5° to the east of the constellation’s brightest star, 
Arcturus. By this time the comet was visible throughout the second 
half of the night and had reached its greatest brightness. 





In the second half of December, the path had again turned north. 
By 21 December, the comet crossed the ‘tail’ of Ursa Major. It thus be- 
came circumpolar and was visible throughout the night from Central 
Europe. The Full Moon interfered with observations on 31 December. 

In January 1619, the comet passed north of Ursa Major, and it was 
here that it was last seen. 

At the same time as C/1618 W1, C/1618 V1 was also in the morning 
sky. Also discovered after perihelion; it moved in a southerly directi- 
on from Libra towards Corvus and Hydra. It was therefore more dif- 


ficult to observe from Europe, and was always closer to the horizon. 


Discovery and observations 


The first observer of C/1618 W1 could have been the Spanish ambas- 
sador in Persia, Garcia de Silva y Figueroa. He noticed the comet on 
the morning of 23 or 24 November 1618, and compared the head of 
the comet with Venus. The bright tail appeared to be curved. 

At this time, C/1618 V1 had already been seen for about twelve days. 
That comet had an impressive tail of about 60° in length, which stret- 
ched from Libra into Corvus. However, C/1618 V1 was observed only 
until 29 November in Europe and until 4 December in China. 

C/1618 W1 was followed by the Chinese astronomers from 26 
November and by the Koreans from 30 November. In Central 
Europe, Johannes Kepler and Johann Baptist Cysat were the most 
influential observers. 

The length of the tail rapidly increased significantly, and soon rea- 
ched questionably great, record-breaking lengths. It was reported to 
be between 30° and 50° on 29 November and by 10 December was be- 
tween 55° and 100°! Over this period the tail was straight, but its width 
measured no more than about 3°. 

On 8 December, Cysat, in In- 
golstadt, observed the head of the 
comet with a telescope and no- 
ticed that the nucleus consisted 
of three or four parts. Between 
17 and 20 December, he was able 
to see additional portions of the 
nucleus. On 24 December, how- 
ever, only one bright nucleus was 
present, surrounded by innume- 
rable smaller additional frag- 
ments. There is no independent 
confirmation of Cysat’s obser- 
vations, which were the first to 
be carried out with a telescope. 
Image defects could have led to 
this impression. 

However, it is also equally li- 


kely that actual fragmentation 
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of the nucleus was observed, because the size of the comet’s head in- 
creased at the same time. 

Before Christmas 1618 (in the Gregorian calendar) the bright- 
ness and tail-length declined. Although determined to be 30° on 25 
December, the length decreased to less than 10° in January. Cysat 
succeeded in making the last observation with his telescope on 22 


January 1619. 


Background and public reaction 


C/1618 W1 was, by the date of its discovery, the last of the three bright 
comets that were observed in 1618, but it was also the most conspi- 
cuous. The first comet of the year, C/1618 Q1 (1618 I), appeared in the 
sky in August and September. Its perihelion occurred on 17 August; 
the closest approach to Earth at 0.52 astronomical units was on 20 
August. By the time that comet had vanished, C/1618 V1 (1618 II) 
appeared on the scene. It was visible in the morning sky in Novem- 
ber and December - at the same time as C/1618 W1. Its perihelion 
passage had already taken place on 27 October; its closest approach 
to Earth at 0.17 astronomical units was on 18 December. 

The fact that in November and December 1618 two bright comets 
were seen in the sky at the same time unleashed great disquiet in the 
European general population. With over 300 broadsheets published, 
the comets of 1618 were respon- 
sible for the peak of comet hyst- 
eria in early modern times. Their 
appearance was interpreted asa 
harbinger of the long-drawn-out 
Thirty Years’ War, which, after 
years of religious and political 
tensions, began with the Defene- 
stration of Prague in May 1618. 

While the Aristotelian view 
that comets were exhalations 
of the Earth that were ignited 
by the Sun, was still in general 
circulation, a few astronomers 
doubted this view. In particular, 
Johannes Kepler gained the im- 
pression, from his own obser- 
vations, that they must be ob- 
jects in the ‘supralunar’ region. 


He had made the first telescopic 


An allegorical depiction of the 
comet as asymbol of the war in 
Europe. While the astronomer 
in the foreground continues 
to observe, the Grim Reaper 
wreaks havoc. 
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observation of a comet on 6 September 1618 with C/1618 Q1. Kep- 
ler believed that both of the two comets occurring in November had 
a common origin, as they both appeared in nearly the same place. 

The Italian astronomer, Orazio Grassi, also saw comets as lying 
beyond the Moon. He believed that they lay between the latter and 
the Sun, because the speed of their motion across the sky was be- 
tween those of the two celestial bodies, and no angular displace- 
ment through a parallax effect was observed. Galileo Galilei, how- 
ever, countered this view in a polemic; he was sure that comets were 
of terrestrial origin and that they left the Earth on straight-line paths. 
This reflected unbalanced observations of the comets after perihe- 
lion, when, because of their nearly straight paths and the slow de- 
cline in brightness, they could give rise to the impression that the 
Earth was the origin of their motions. 

Galileo also believed that a comet's tail was simply reflected sun- 
light, and that curved tails only arose because of refraction in the 
Earth’s atmosphere. Cysat also held the view that comets were not 


self-luminous, but simply reflected light from the Sun, because in 


his opinion they resembled sunspots. 
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The Great Comet of 1618 over Augsburg. Anonymous 





| Sdiadere germarnet/ und bh Seiten der Graders 
yon Sinden absuftehen / u% gu der Gortlichen 
Barmbersigkeic gu fltehenangemahnetwirde. . 
Unnd ift cinmahl diefer Comet cin rechter 
Borbort qetwefen der Elinfftigen Straffen Got 
tes/mit weldhen wir heimgefude und gesidhtiget 
werden follen. | 
Es haben die Alten yon den Cometen gefage : 
Daf nie Feiner erfrhicnen/der nicht grof Unglict 
mit fid) gebradjt habe. Und Claudianus fage 
“| pon threr WiircFung alfo: | ; 
Bellacanunt , ignes fubitosquetu- 
multus, 
Etclandeftinis furgentia fraudibus arma, 
Civiles etiam motus cognataque bella 





Significant. 
Und Pontanus: 
Ventorum quoque certa dabunt tibi fignaCo- 
meta, 


Ili etiam belli motus, feraque arma minantur, 
Magnorum & clades populorum & funera Re- 
gum. 


| Das iff: 
| gi ind ee Blutvergieffen vicl/ 
ir cin Comet verfiinden wil : 
) Unter den Leuten groffe Nobe/ 
Auch groficr Nerrnund Kdnig Todt. 
SS ape mire teh fchreiben/ dag 
et bedeute erfilid) violenta &fuperbaconfilia, 





———— ee ee 


! Theat, Europ, 


-— et « 


} | diffidia, proditiones & rebelliones, graufame ! 


j 











und fibermmiihtige Nahefdhlige / Uneinigheit/ 
Verrahteren und Anffrubr: Darnach latroci- 
nia & {ubfeffiones viarum , follicitudinemque 
&anxietatemanimorum: Dasift: Raubercy/ | 
Unficherheitder Serajfen/ und groffe Angf— und 
Sawermiitigécit unterden Seuthen. Qumdvit- 
_ ten: Regum & Principum interitum, bella, pe- 
{tem & morbosvarios, DOasift: Grofer Kb- 
nigen/ FirfFen undHerrnUntergang/Krieg/ Pee 
ftilengundmancherley Rrancfheiten. Endlich | 
und jut picrdten/Rcligionis, Legum & Inftitu- 
torum mutationem, novarumque rerum inex= 
plebilemcupiditatem. Dagift: Verdnderung 
der Religion / Gefes und Welrlidjer Ordnung/ | 
bencben einer unerfartlidyen Begierde gu allers 
hand Mewerungen. QWGann aud die Straae 
{en ex domo carceris herfiir gehen/deutet es auff | 
cin¢ violentam eruptionem oder geivaltige AnGe 
brechung und Gortpflangung ciner Lehr/foguvor | 
gleichfamb algim Gefinanuf gebalten und gee 
drucketgemefen. Welder Gefkalt nundicfes ale |. 
les inden folgenden Zeiten fid) vevificiren werde/ 
mniifjen wir GOTT und demeventui heimbgee 
‘ftellet feyn Laven) und wollen wir nur difrhiervon 
noch andeuten/ dDaG etliche Uftrologi/ es habe fid) 
dicfer Comet in domo Religionis yerlohren/ 
confequenter ftine Cndtfchafft Darinnenerrets 
chet /obfervivet / defen Bedeutung uns der Auge 
gang tweifen wird : Und laffen wir es hiemit bey 
obangedenteter Gnade/diecr nad aufige(chlager 
ner Ruhtenmit fic bringen werde/verbleiben, 
Es haben fic) bald nad Anfang diefes 1618. 
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METHODUs COMETS 
PRACTICA, 


Bieler Comet oder SHunderftert/ 


tam ond in firmamento erfehteren/ tn 
anfang des Novemb. pnd iff endlidy deit 


16. Januarii, Av. 1619, widcrumb 
verfcbrounden, 


Geftellee 
DOurch FRanciscum WENDLERUM; 
Philofophia ac Medicine Doctoiem. 


| 
| 


Pfat. 45, 
Venite & videte opera Do min 1, que poluir 
prodigia fuperterram. 


BIKQN LEPOTATOIKH, 





A A chart of the comet (above) and title page of a treatise (right). ~~ Gorden Ly ile Se 6p Johann gambar. 
C. Hersbach (above), F. Wendler (right) 





< The Great Comet of 1618 over Heidelberg. Detail from Theatrum v Augsburg is again the scene for the Great Comet of 
Europaeum by M. Merian. 1618. L. Schultes 
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¥ Great Comet of 1664. 


NK} 
\ Ne 
NAT 


\ 


: ; : 4 A Vy ly 
SIT eh ed OE Mal 
' ; S-dasee BUIns motes es aw y Kae Lae Y 
MMMM TLL || | PRREEEEE ei 


4 sere | i| Hl HIIAVIORIEUMUHMAATIOWNINTCANTYP aes . ye ty a 
MN! meet | Hn || Wesssaa HN 7 tract. | EL yr i 


| 


| 


———“=s& 


| ; ‘sig ’ 
eee 


barunedl TT te. (A 4y's)'\ 


rr 


Mc 
Tr 


' 
i 
' aereusnre 


muniseae 
— ie me ee 


4 
Wd, 


; 


ane rane > ty 
janinnnnnnunannaaanitiaMUNiiil| || ig sees = ORY 


i 


| 


jnasraniaisinn il 


ill 


Wi 


MeL eee Pet 


ideas about the nature and path of the 


+1 i 
SSGRE UMPtecnute ee 


Steeda ea 2 
re ee ee ae 


og 
= = 
> 
A © 
BE 
- cD) 
Mt 
dod) 
a 
ce 
dog ame | — 
= —) at. TPL LER LUTE petty ALLE) Lee ~~ >>. Sek ALOR : SS tad 
» DO — SS SSS SEES ee 
= 5 Ng SD) RS aerecencerecceeenanes  ENANRIE RS Tea RMS 
Oo Dy Witt 2 <—s a oe “: NNEEDS SNE Shy 
wn oD) \ LAA 1 ey oe pee “3 hy 
ARARI G\ wUVULUY ELA yf 
5 \\ WANA) : Asouse 
oS go HARRY ez 
Oo © } 
= = —— f ¥ 
as a 3 / 
ae) nw} SN WSS WY ee 1 —_ Fane 
= DISSES ae 
f°) = We STI - v/a 
pf = \ \ WAL Ld | Bedete aH n fr l4 
So 4 AWA cece HU 
Oo oO f°) VV NN FATT 
= gs & \ erates ergs 
eo et \ \ $7 seas guer 
SY ¢ NN ieieateasedl 
= YD ' \ . ss 1 ‘AA 
Cy 9) i \ ; ry ry) Y) 
ay = = \\ \ af Ay / 
cE iN iy 
Gv Oo . i \ is ATALY 
- hi 4 re f/ A 
—_ = = : { 4 ve ) Wt } 
' NN IMA) 
Dy ¥ N ' f 
rd = = j \ . ARYA 
Uv ) < DO TL, 
ce cS > \ y CH Agi j 
A WVAAA 
oc YS Wy gibt NY 
= YON baat ate i 4 | 
a Go -G } SOU V ANTRAL, 
ses c % } WR A 
— ceD) ' ( 04 74'dy! 'y 
so st YVAVOMAM AL? 
ao & is TA 
if LVL 
‘= . s's bg 
v \\ Ae ¢ 
E = © i) A Y 
Oo ses yp { M 
= = 4 
a O = Sauyee. si. un 
--S Semen SSeS SARKiP RITE eeaeceeneeat f 
Of = ZS Anestcce 7 eee | 4) 
- — Cc Petr te tT ltl / 
O 5 wo 
= 1S) Petra eweweers)) 
cD) a = on ones 
ao Pa D) means 
Sey 
co 
Cw 
— — 
oD) == 
9°) 
Se 
0 < 
=. eS 


This time sc 


at a 
aeons ewer eee 


“by. ‘<a eeGGGmanuat’a 
saa TT a 
——* ert teil | 
<<S Same 


<<  oe me oe 

Rt eee 
ean, = 
3 
~~) = 


comet were so varied. 





View of the Great Comet of 1664 by an unknown Dutch artist. 
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Number: 7 
Designation: C/1664 W1 
Old designation: 1664 | 
Discovery date: 17 Nov 1664 
Discoverer: Unknown 
Perihelion date: 4 Dec 1664 
Perihelion distance: 1.0255 AU 
Closest Earth approach: 29 Dec 1665 
Minimum Earth distance: 0.1699 AU 
Maximum magnitude: —1 
Maximum tail length: 40° 
Longitude of perihelion: 310.7° 
Longitude of ascending node: 86.1° 
Orbital inclination: 158.7° 
Eccentricity: 1.0 


All dates are in the Gregorian calendar. 


Orbit and visibility 


The Great Comet of 1644 was first discovered 18 days before perihe- 
lion. Because, however, the latter took place on 5 December outside 
the Earth’s orbit, almost opposite the Sun, the result was that the co- 
met followed an unusual path through the winter constellations. Clo- 
sest approach to Earth took place just three weeks after perihelion at 
a distance of only 25 million kilometres. 

At discovery, the comet had already passed its smallest separation 


from the Sun, at 11° on 7 October. Towards the end of November it 


was in Corvus in the morning sky. Its path took it out of the twilight 
at the beginning of December into the dark skies during the second 

half of the night. At the same time the declination decreased, so that, 
for Europe, the comet only reached low heights above the horizon. The 

tail, however, was directed towards the northwest and was thus well- 
placed for observers in the northern hemisphere. 

At its closest approach to the Earth on 29 December, the comet was 
south of Sirius in Canes Major, where it was visible throughout the 
night. On 2 January 1665, the Full Moon interfered with observation 
of the tail, which was now directed towards the north. At the begin- 
ning of January, the comet moved out of Lepus, past Rigel, and by the 
middle of the month crossed the eastern area of the constellation of 
Cetus that was traditionally shown as the monster’s mouth. In doing 
so, it had moved into the evening sky. The last observations in March 
were in the constellation of Aries, when the comet rapidly moved to- 
wards its second encounter with the Sun, which it reached on 11 April, 
with a separation of 15°. 

Many sources give inaccurate positions for the comet, which are 


too far to the north. 


Discovery and observations 


According to an analysis made by Alexandre Guy Pingré in the eight- 
eenth century, the discovery of the Great Comet of 1664 should be cre- 
dited to Spanish observers. Who precisely reported the first sighting 
can no longer be established, only the date, 17 November, being known. 

Among the observers of the comet were Giovanni Domenico Cassi- 
niin France, Johannes Hevelius in Poland, Isaac Newton and Robert 
Hooke in England, as well as Christiaan Huygens in Holland. Most 


observations began in the middle of December, when the comet was 
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in Corvus, and was already at a magnitude of 2. A tail with a length 
of 10° to 12° was reported at this time. 

At the turn of the year, the magnitude increased significantly. On 22 
December, an observer in Italy noted that the comet shone ‘brighter 
than every star, other than Sirius’. According to modern analysis, the 
magnitude must have amounted to about 0 to —-1. Because the comet 
was outside of twilight, its brilliance was seen to best advantage in 
the dark night sky. 

The tail was frequently marvelled at. French observers described it 
on 25 December as reaching halfway as far as Procyon, which would 
imply a length of 25°. On 27 December, Newton estimated the length 
as 35°. In the reports, widely differing values were often given for the 
length, because only the first half of the tail appeared very bright. In 
addition, the low height above the horizon affected the view for ob- 
servers located in the north. Particularly notable is a description that 
states that its colour was blue. 

After the high point at the end of December, the Moon interfered 
with detailed views. In January the magnitude and length of tail de- 
creased significantly. On 10 January 1665, the latter was recorded as 
just 15°, and by the beginning of February this value had decreased 
to 5°. Until 18 February, the comet was visible to the naked eye. The 


last observations were telescopic ones on 20 March. 


Background and public reaction 


The Great Comet of 1664 unleashed a flood of well over 100 texts and 
tracts in German-speaking countries. Most of these broadsheets cal- 
led upon readers to repent and reform. The fuss was only amplified 
by another comet at Easter 1665. C/1665 F1 passed much closer to the 
Sun, at a distance of just 0.11 astronomical units, than C/1664 W1. It 
was followed between 27 March and 20 April, and had a magnitude of 
up to -1, only shortly before the plague broke out in London in May 
1665. By the end of the year, 90 000 people died there alone. 

The relatively straight path of C/1664 W1 across the sky led many 
to believe that the comet was moving on a linear orbit. Hevelius was 
of this opinion, but at the same time envisaged the comet’s orbit as 
a conic section, with the Sun at the focus. Cassini, however, thought 
that the comet was orbiting Sirius, while the star and the comet mo- 
ved together around the Earth — Cassini was a resolute opponent of 
the Copernican world-view. Against this, Giovanni Alfonso Borelli 
recognized correctly that the comet of 1664 was following a curved, 
heliocentric orbit, similar to a parabola. Adrien Auzout, who also be- 
lieved in an elliptical or parabolic orbit, even calculated, on the basis 
of his own observations between 22 and 31 December, an ephemeris 
for its future path against the sky — the very first of its kind. 

The possibility of calculating the orbits of comets more accurate- 
ly and of comparing them with other apparitions, was, however, not 
taken for granted in 1664. The French scholar Pierre Petit was of the 
opinion that the comet of 1664 was the same as the one that appeared 
in 1618, and predicted a return in 1710. Because of the failure of his 


prediction, he was later known as ‘Stolperstein’ (‘stumbling-block’), 
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a word-play (‘Stein’) on his first name, Pierre, which also means ‘sto- 
ne’ in French. 

Neither was there any frequent agreement over the physical natu- 
re of the comet. Hevelius believed that comets were disks that always 
turned the same side towards the Sun, and arose in the atmospheres 
of Jupiter and Saturn. Hooke, on the contrary, had observed that, in 
the telescope, comets did not show any phases like Venus, and thus 
concluded that they must emit their own light. Almost prophetically, 


he continued by saying that the tail consisted of individual cometary 


particles, that were driven off by rays from the Sun. 





The Great Comet of 1664 (above: detail from a broadsheet) was clai- 
med to be responsible for the landslide at Geiflingen on 15 Dec. 
1664 (below). J. T. Theyner (above), C. Mayer (below) 
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Chart of the path of the comet as observed at Salzburg (opposite). Broadsheet about the appearance of the comet 
above Radkersburg (above). G. Gerrits (opposite), P. Furst (above) 
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Number: 8 

Designation: C/1680 V1 Kirch 
Old designation: 1680 

Discovery date: 14 Nov 1680 
Discoverer: Johann Gottfried Kirch 
Perihelion date: 18 Dec 1680 
Perihelion distance: 0.0062 AU 
Closest Earth approach: 30 Jan 1680 
Minimum Earth distance: 0.4895 AU 
Maximum magnitude: -10 

Maximum tail length: 90° 

Longitude of perihelion: 350.6° 
Longitude of ascending node: 276.6° 

Orbital inclination: 60.7° 
Eccentricity: 0.99998600 


All dates are in the Gregorian calendar. 


Orbit and visibility 


When Kirch discovered the comet near the Moon and Mars, it was 
close to the ecliptic in Leo in the morning sky. Initially, it moved, 
like the Moon and planets, east along the ecliptic towards Virgo. At 
the end of November 1680 it passed the constellation’s principal star, 
Spica. The period of visibility in the morning sky shortened in the 
following weeks, in which C/1680 V1 approached the Sun. By 9 Dec- 
ember, the comet had reached 20° from the Sun and was invisible. 

Nothing was seen of perihelion on 18 December, when the comet 
reached the extraordinarily close distance of less than 500 000 km 
from the surface of the Sun. It was not until 20 December that the 
comet appeared in the evening twilight. It rapidly left twilight and 
was soon seen in dark skies. 

Its best visibility now followed, although there was interference 
from the Moon. By Christmas 1680 (according to the Gregorian cal- 
endar), the comet was in the constellation of Aquila. Its tail stretch- 
ed towards the north in the Milky Way, rising at right-angles to the 
horizon. In January 1681, conditions improved even further. The 
comet was then coming nearer and nearer to the Earth, and at the 
same time, it rose higher above the horizon. At the beginning of the 
month, it was in the constellation of Pegasus, at the end of January in 
the region of Pisces, Andromeda and Triangulum. It was there that 
closest approach to Earth occurred on 30 January. The comet even- 
tually disappeared towards the east in the constellation of Perseus, 
where it was seen for the last time in March 1681. 

C/1680 V1 belongs to the sungrazers, but is not a member of the 
Kreutz Group, which has produced many bright comets. 


<The Great Comet on 22 Dec. 1680. Watercolour. Rochus van Veen 


Discovery and observations 


Johann Gottfried Kirch discovered the comet on the morning of 
14 November 1680, when in Coburg, after he had observed the Moon 
and Mars through his telescope. Kirch thought that it must be ‘either 
a comet or a nebulous star, similar to the one in Andromeda’s belt’. 
The comparison with M31 suggests that the comet did not appear very 
faint, and must have been at least magnitude 4.5. Indeed, Kirch could 
see the comet with the naked eye, but it was, however, almost hidden 
by the light from the nearby Moon. 

By 16 November a small tail had already become visible through 
the simple telescopes available at the time. By 21 November this had 
grown toa length of halfa degree. The brightness amounted to about 
magnitude 2 at this date. The comet then brightened rapidly. By the 
end of November it had blossomed into an impressive sight with a 
tail between 15° and 30° long. The tail was, however, extremely faint. 
Kirch himself stated that he had never seen a comet with such a faint 
tail. The brightness of the head, however, increased to magnitude 1 by 
December, and must have increased still further — although because 
of its closeness to the Sun, the comet was not visible. 

After perihelion on 18 December individual sightings in daylight 
were even recorded. The comet was, for example, seen from the Philip- 
pines on 18 December, only 2° away from the Sun, and was seen on the 
following day by settlers in New York ‘slightly above the Sun’. 

On 20 December, the comet was rediscovered in Europe in the bright 
evening twilight. The head, still too close to the Sun in the bright twi- 
light, was not visible. However, it projected a narrow, long tail right up 
to the zenith, and, as twilight progressed, it emerged ever more clearly. 

In subsequent days an incomparable spectacle unfolded: an extre- 
mely bright tail stretched north from a red, glowing cometary head, 
low on the horizon. It reached from Scutum across Aquila and Cyg- 
nus as far as Cassiopeia, “so long, that it stretched right from one side 
of the horizon to the other, but with little change in its width”, as 
Casimiro Diaz reported from the Philippines. The tail was still visible 
four hours after the head had set, and according to Diaz, was “giving 
as much light in the darkness of the night as a Quarter Moon”. Much 
admired was the golden colour of the tail, which, at this stage, appea- 
red straight, the width of which did not exceed 3°, but near the head 
measured just 0.5° across. 

John Flamsteed described the nucleus as reddish, seen through a 
telescope, probably because of its proximity to the horizon. To him 
it appeared square in shape. His compatriot Robert Hooke reported 
a tail length of 90° and a width of 2° on 28 December. On that occa- 
sion he noticed a ray of light that seemed to escape from the head of 
the comet “like the sudden spurt of water from a machine” - perhaps 
the first hint of a jet from a cometary nucleus. 

By the turn of the year, 1680-1681, the comet had become fainter. 
On 31 December the head must already have reached magnitude 3. 
The tail, however, remained impressively long into January at 55° to 


75°. It was now slightly curved towards the south. On 7 January, Kirch 
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was able to observe the phenomenon of an anti-tail, which he descri- 
bed as an ‘anal tail’. 

Flamsteed described the subsequent development of the comet. Ac- 
cording to him, on 13 January, 25° of the tail was still to be seen, the 
brightness of the head corresponded with that of a 4th-magnitude star. 
On 19 January, it was still magnitude 5, and 7 on 7 February. While 
the head had already been lost to the naked eye, the tail remained vis- 
ible until the middle of February. Georg Samuel Dorffel was the last 
to catch sight of it on the 17th of the month. 

The last determinations of position in March 1681 came from Isaac 
Newton, who hoped to obtain as many positions of the comet as pos- 
sible with his telescope. He succeeded in being the last person to see 
the Great Comet of 1680 on 19 March 1681. 


Background and public reaction 


Kirch’s Comet was the very first comet to be discovered with a tele- 
scope. After its peak phase in December 1680, it was followed more in- 
tensely than any previous comet, having been observed with telescopes. 
The new instruments demonstrated their superiority over observations 
with the naked eye, becauseit was now possible to follow the comet far 
longer and thus obtain more evidence about its path across the sky. 
Frequently, the two appearances of this comet before and after solar 
conjunction were taken to be two different objects. Newton and Kirch, 
the most prominent observers, were themselves convinced by this idea. 
The theologian and amateur astronomer from Saxony, Georg Samuel 


Dorffel, however, demonstrated in his work Astronomische Beobach- 


tung des Grofsen Cometen (‘Astronomical observation of the Great Co- 
met’) that both phenomena were related to a single object. He propo- 
sed a parabolic orbit as a solution — he was led to this form of orbit by 
simple estimates of the angle between the comet and the Sun at peri- 
helion and the acceleration at perihelion. 

John Flamsteed, too, was convinced that it was not a matter of two 
comets on straight-line orbits, as Newton maintained. He assumed 
that magnetic forces from the Sun were responsible for the ‘curved’ 
orbits. He mistakenly ascribed perihelion to have taken place on the 
near side of the Sun, rather than on the far side. Flamsteed believed 
that comets consisted of water, which turned into vapour under the 
rays of sunlight - an astoundingly modern concept! 

For a long time Newton doubted the reality of a non-linear orbit, 
even though he had recognized that comets must be illuminated by 
the Sun, because they appeared brighter around perihelion than when 
near the Earth, and were obviously brighter after perihelion than be- 
fore. He finally decided, independently of Dorffel, on a parabolic or- 
bit, which he published in 1687 in his famous Principia. Cometary 
orbits could therefore be calculated and predicted, if enough obser- 
vations were available. In the same year, Edmond Halley realised that 
predictable orbits could also serve to identify former cometary appar- 
itions with current ones. He later considered the comet of 1680 to be 
a return of the comets of 44 BC, 531 and 1106, and predicted that it 
would return in the year 2255. Leonhard Euler, on the other hand, in 
the eighteenth century, calculated a period of 117 years, whereas Alex- 


andre Guy Pingré took a figure of 16 years, and Johann Franz Encke 


even one of just 8.8 years. 
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Path of the comet from the for- | ~ | | 
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Mil Hy 
mer constellation of Antinous ihe | 
(the modern-day Scutum) to 
Pegasus. The tail length depic- 
ted amounts to about 60°. The 
angular depiction of the co- 
met’s path is notable. ! i 


Anonymous 


ih 

i 

il 
Despite the advances in scien- 

tific research that accompanied h 


the comet of 1680, comet hysteria 
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in early modern times reached its 
last significant peak. More than 
230 tracts and broadsheets appeared in Germany. In most of them 
the comet was interpreted as a warning sign from God. This defini- 
tely had an effect on everyday life. The council of the free city of Re- 
gensburg, for example, decreed that ‘as God, in his outrage, and with 
justifiable zeal has set a warning in the firmament to bring it home to 
us, as a scourge of dreadful retribution and wrath, all sinful behaviour 
must be renounced with remorseful and penitent behaviour.’ The citi- 
zens were instructed ‘to relinquish all pernicious ostentatious cloth- 
ing and all overweening pride, to permit no private dancing, to ab- 
stain from mummery and inappropriate sleigh rides, both in small 
and large sleighs, to completely abstain by day and by night, and to 


make a great effort towards a calm and sober change of behaviour. 
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Increasingly, however, the demystification of comets was taking pla- 
ce. Erhard Weigel, one of the teachers of the discoverer, Kirch, him- 
self wrote eight essays against the fear of comets. Jacob Bernoulli also 
loudly denounced the misinterpretation of these astronomical objects. 
In many broadsheets, however, the predictions calling for repent- 
ance took precedence over entertainment. The stereotypical “fear- 
fulness’ produced a calculated spine-chilling account, because the 
broadsheets were a lucrative business for the authors and publishers, 
and frequently the way in which they earned their living. The desi- 
re to scare people was, however, a sign of the uncertain times: an epi- 
demic of the plague raged between 1679 and 1684, and the Turks were 


once more at the gates of Vienna. 
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The Great Comet of 1680 over Nuremberg, depicted from similar points of view when above the western horizon. Anonymous (above), 


J. J. Schollenberger (opposite) 
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Mn findet fowoln in Heitiger Secbrifft/ ais auch ander slaubfidhern A, cal werden / oder Hider das Haupt fommnien diefte. Er hat numnehe Hon fete 
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fruchtet / und iff cine enferige Bus und Bekchrung erfolget/ fo Wt aud) Die ane gz woln feines Corperd als Gchrweiffes / ijt barum / tveiln feine Hobe nicht eigente 
gedrohete Strarje abgetpendet/ im midrigen aber/ untebibar vodsogentvorden. Y lich betuft/ nichts unfehlbar Gewiefed ju gedenfen. Es iff aber gleidwoln 

Mann nun yon einigen Fabren her Der ergornete und Darben gutige GHtt/ & aus tunterfdiedliden Denen SE ternfindigern beFannten Urfacen su permurthen/ 
Durd) Erdbeben / unterfciedlide Cometens und andere mehrfdltige ungetwohns \ Dag er hoher als die Sonne ftehen/ aud) baher/ ob er fcyon ur fern Qlugen Fauns 
fiche Zeichen / denen in Sind und Laflern blunderfoffencn Menten / ihre tole 4, als cin Cteen der deitten Grdife vorfommet / deefelben in der Girojje nidhts bes 
perdiente annahende Sammer-IMagen jur Genige anmeldens auf hinterbliebes SS vor geben mochte/ und tird alfo mann man Den Begit! feines Cdrpers/ auf mehr 
ne Befferung aber / Durc verderbliche Krige/ Gterben/ und anders Glend/ (wie | als taufend/ die Lane def Echrociffes aber / auf etic mal hunberts tauferd 


man lender mehr als gu viel erjabren) epfergrimnng ergeben lafjen, Seuthche Meilen fdyaget/ nichts der Warheit Ungemaffes begangen. Hingegens 
Als hat Er nun abermaln an dem hohen Himmel / eine erferdchliche Fal 


| Aber irren die jenige/ fo ba furgeben / Dafi Der Sahrociff welder auf jectyia 
Fel/ Ruthe und Eecbwerdt / qu einer giitigen Warnung / fiir ben annod) bevors gy Grad lang aujufehen / und deren Eins auf unferer Erden gerechnet funfyeher 
flehenden LingliFE aufgefeget ; Darnut tveiln te alles porige tm BGind ae fcb las + Meilen gibt/ auf taufend Meilen lang feyn muffe; Dann teiln augenfdemblid) 
gen tworden/ Diefer graufame forchterliche / twegen feiner Geftalt und Lauffed/ # hetwuft/ Dag unfer Wohnhaus biefe Srdéudel / gegen Den unmaglich weiten Lime 





SEP EP-42 4h -tSP 4e 


yon Denen Geltirn:-Erfabrnen unvergleidlid berounderte Comet / einige Ents i Frenfen dev ‘WManeten/ und anderer hOherer Gheltirne Faum or ein Fleines Dinets 
feguns, und Beranderung in den Sind-verftockten Gemithern ausvotireten/ g, lein su achten / und bie auf Erden_ rs. Meilen lange Graden/ fic) aug viet 
und Die nunmehr abgeurtheilte Gindens Straffen/ Durdy hergliche Reug und s3 taufend ja hunbderttaufend vermebrfdltigen / fo muff aud) Der Comet als ein in 
Busi / surdll gesogen werden moddhten, H bergleidhen Kreyh jtehendes Geftirn / mide aber alé ein auf Erden Friedhendet 
Es ift aber Dicfer wundertirdige undergleichliche Comet/ allhier und aud) g; Wurm betradhtet / und feine Groffe berechnet toerden, 
anbderer Orten / Dag erfte mal/ in Dem Seiden Def Ldtvenr/ tvorinnen fic) aud i Der allergrofiete HER M/ det uns diefed groffe Warnungs - Zeichen 
Damaln Der KrieqsPanet Mars befunden/ unter def Lowen HergeStern/ an s yon den hohen Himmel leudhten Lafet / wolle unfer aller Hersen und Gemilter 
Dem Zodiaco oder Thier: Treifie und Planeten- Wege SAdwerts fleeidende/ + pergeftalten regieren und fahren / Daf twice in Hergens<Reue/ twwahrer und ber 
fodann folgender Tagen in dem Seiden det Fungfeauen / WAnfangs/ ohnes her és ftandiger QBusbeFehrung / Syhme mit evferbriinftigen Gebet Demitig gu Fufferr 


fallen / und die Durdy Diefen Cometen angedrohete fchwere Straffen abbitten 
und abwenden mégen; Wollen Daher mit folgenden Connet feliefjen. 


ep sn ; Luft | Lafferwollere Sinder! wilff da nicht von Sdham errotben/ 
= fo erbleiche nun aua GdbreFFen? Sib’ auf/ wie did) Gber/feigt/ 
diefe bleiche Feuerraktere ; UE an/ wie Der <jddyife seigt, 
seinee Sanden Serafferurben; merck mie von dem Arieqgs-Planeten 
Fomme cin Schmerde auf dich aelauffen, Schau den graufamen Cometen/ 
der mit blajfen Todcs/irablen / von Dem boben <\umoemel leuche 
dex mit aleichlos:langem GSebwerffe /_ in die Tordgelfiene ceicht: 
NA ea veder obne Rede/ GOTC durch dielen Seratf-Propberen / 
Rabe | Sdweeds / Hite lieben tereig / dich O béjer Mien\cty su fcblagen 
mic Beiea’ Arma / Reankbert / Sterben / and mir allen Jammer Plagen/ 
“wanna Ou wir(t verifode bebarren/ in den Aaftern obne Scheu; 


nacher Den 12. Movembrig mit einem immer gunehmenden/ Doc wegen anbres 
chenden Tages fuwachliechten Sadrveiffe gefehen toorbden; iit hicrauf toegen 
feiner Annaherung yur Gonnen/ als auch eingefabenen triiben DBerters/ unfer 
rem Geficdht entrwichens und fo lang unfidtbar geblicben/ bis er endliden/ nad) 
deme er Die Sonne iberlauffen/ und fid) aus deren Glanys erlediget / auch Die 
Luft fic) wieder ausgehellet den 16. (26) diefes innflehenden Shrifimonats/ bey 
augebender Racdht/ mit cinem fehe langen blafweifes Sarweiff/ gan prachtia 
hetwor gebrochen/ und fic) Denen Erd-Eintrobnern/ alé ein Rac + Schwerdt 
und Zorn-Kuthe def Allerhddh{icn GOSCTES/ entfeslidd vor Augen gefteltet/ 
hat fic) Damaln befunden/ in Dem ungebildeten Beichen Def Steinbocs / stor 
{chen der Gonnen-Straffen und Welt Girtel/ unter def WAdlers Knaben au 
then gua hat et feinen porher denen a ee aleidh-aefiide pn oie ea Peete ee cre amis ccs can commcrene il 
fen Lauff/ mit groffer Berwunderung der SterneErfahrnen Dergeltaiten, oe WUE Pa nore elt th. dinail wget fist sh 
dndert / dag er nice allein ructgdngig toorden / Sabieee auch fich immer hoher *P sor Dem Sindenrod aufleber / fe Heat ou A means ay cece 

gegen Norden exhebt / andy bereits Die Vag und Madht gleidende Linie fibers de DAA Die Thur ore ns = . 

ftiegens und ba er wie bisher gefhebens alfo fortfahren foltes uns bald verti- = & ££ F2 ] 
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The comet on 26 Dec. 1680 over the castle of Nuremberg with the instruments of the Eimmart Observatory. Etching (above). Depiction 


of the same evening over the city with the view towards the west (below). The position of the Moon is erroneous. J. J. von Sandrart 
(above), J. Hofmann (below) 
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sgl er sp ae fede i ad Miasiee Tease B70, Me W/ann oH ie Zornig 2 2 “fe pis er Sterne Te deny B, 
er uns wie Nimwve, die Gottes StraffHanddroht, Diniae } ent hang « x 

Heb. Hertz tind Agen ane, PDL, in erv St nenBogen, Wert’ Tartren, iecht Zin Herzen: 7 rin locke y 

rent RB qe facke! eee hat Du Gott ade ett, Der bles pF seit hin, ver didjtort tind per ep +. Sui | 

Tagwas der jcine indfeane Daitring fey » if Taiiiiland: frye Nenaig tinder: | 
Es | { diafes hecht a Ztir Bus rid Rw, thi We inive, (ow rfne Grails rd iy 
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Sefhrethung 
bed Comet - Gterne / welder 
qu Hireflau ben 29. 70. und 31. 
December, Anno 1680. 
jeicben werden. 
Nad ver Gonnen Unter: gain 


piertel auf 6.UbciteerGern § 


auffacgangen wi geicbn werben! 
fein Stelle war unter dem kinfen 
Pir ded geftnten Antingi, den 
Gabrwetff bat er auff Ro Giral gee 

gen bern Gieftion Casliopaa ge: 

wrrtien ae riley Ourd bt GSchna 

bel bet Wiblers / imiten bureb ben 
Delphin, priftien tom Gebwan 
wiPegalo, bis jute Cashopxa. 
Per Corpus bed Gternd gieng 
jeer water nach 6, Ubr and zo. 
ninuten/ter Gdnweiff aber ( wir 


cin Regenbogen breit ) fF alleyeit 


nadygeblicben / bat (ich erft veri 
‘Ten umbre, br /imbfrilb it er 
icPerul geftanten wmb 2,1 pe! 
andficigct von Zag pi Lag alyeit 


bitery der Gebweiff welder we: | 


gender Soune fo lang wii breit ijt) 


wird (nea er weiter venderSon 


inn qwird gewiden feow ) Alrecr 


werden. Fr iff Secundum lon- | 


gitudinem . over der Linge nach 
14.S5rad von der Goiien/intem 
so,grad eeodiaci perStein 

boctsein Gieftirn tes Guides) 
er (eigt alle Zagy. Gir. wG,rmin, 
‘ins tre Linge det Gelnweiffes 
antrific! Fan (olcbe nicht eigentlich 
gefeqt werten / che man ded Lo- 
meron Mbffanp pon bemeDRittel- 
Punct pon ber Erden wei. “Fes 
perk (ind te jemigen/ fo vom etlicly 
roo. Rel fagen/lbel berichiet : 

Dit geient : cx (hinbe nue mit bem 
TRonreninpleiher Ashe wenn 
ec der Froen am ndbejten iff / da 
er doch fanter aruenfel wiel boher 
ficbet/ fo wilrde ber 79 qraddan: 
je Gawoeiff 58587 Deut fhe ei- 
len lang / und ber goo, Dteilen 
breit (ton. Phos diefer Stern 
rn bedenten mith/ dad iveip al- 
len derielbe qrefie GOTT sels 

cher alle Externe erfibaffeit. 
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in completely different ways. Anonymous (above), M. Buck (below) 








The Great Comet of 1680 over Munich (above) and Breslau (below). The constellations through which the comet passed are depicted 


Dae 
Durch den Cometen 


ANro 1680-81. 


Bu s.ecberb 


i, 
Gy Sean gee ete 
Bye Menfhens Kinder svar 
on he et 
Su ramen ba 


Drth/ 
Mod fille bir rede 4 rede 
au Huffe/ 
Drumb acige cir ungewols 
lich Seer 


Quin groer Sore fe fer indie 
2. Dereuer SOet / veriend 
Map ten 
Die Feit bor Gnadven nidit 


per fdeneen, 
wrikr / 
Lifi thaffe reine newe Hergen/ 
By, wer mit ernit beffijfen ep 
Dad boe Leben au bereun, 
3. Erbarm dic unfer grof 
fer Dtorh / 
Denn wir befennen unfre 
Gfinden / 
Newmandle bie qedrduteNoth 
Lad wie in Shrifto Gnade 
finden 


Lia G bidh Oierdh bere alte any / 
LIA berite beines JornesLanff, 
4. Vewabre deine Shré 
thenbeit 
Rin Kriegen/ Mord wits 
mer giefient / 
Fle Hunger / Defl/ und bites 
rer steit/ = (en/ 
Ong fete Benner fEralen febiep 
Pedecke Med qanee Lanb/ 
ire deiner Saug: und See 
gets; Hand, 
5, Schau’ uné ver Hirfiel 
Firenntlich an/ 
Pamit de fhrePlidhen Co- 
meten, 
Oar ber geffirinten .Girmetss 
lan / 


Tice werden traurige Pros 
pbeten, 

Hui / dag wre aug den Sins 
ben gebin/ 

So terd-<s befjer wb Lins 
fichn. Mine, 


S iff derfelbe srvar 
=) crfilich im Seichen bee 
Slingfrawen / den 11, 
‘ovemb. allhie gu Baz 
wh. fel aber / tegen erdiben 
_—  ~ £uffte/erft den 24. Stoz 
penib.Morgens geisha Wwordere/ cite wee 
nig onberbalb dey Miitedgigen Waage 
Pirate Prgeanolen gt e ehivelf uff 
t¢ 8. Bradlang gegen dem bellen CSeern 
ber Nungfranen WAehern genatt oderim 
anfehung der Gonnenstanff 7 gegen Ne 
beraany derfelbeny ond cin wena geqen 
OMitternache aevicheer/ folgenden Tage 
Fofite man wegen annabendem Atolls 
Moris jhne niche mebr feben/bif cr bey 
ber Gonnen vorben geqangen war/ond 
bent 12. Deceimb. Abends wrderumb bers 
far fam/da Dann CemnFormienem Beriche 
nach) der Stern des Cometen way noch 
niche / ber Schtwcif aber in einer graie 
fee Groffe erfehienen / Daf er vom 
Morizone bij gum Sehartelepuncten ficly 
erpirecktes ond Fewraroth / auch fo breig 
wwar/als cin Regenbogenvanjufehen wie” 
cine hohe Gant oder Salefen ¢ gegen 
Auffaana ber Gonnen vnd cin flein 
wenig mebr gegen Writeersnacht anfface 
richtee + QUllhie aber war es trith {Bete 
ter/bift auff den 18. 19. ond zo, Decemb. 
Da fofite man obfervieren / Daf der Cos 
met vor. der Ecliprica oft’ Gonnenz 
firaf herauff fam / ond ben der Lincfer 
Sand Antnoi vber bie ALquinoctial- 
Limen/ ond qué dem Steinboc! in dere 
AWajfermann ging ¢ feinen Schweiff 
firedite er in cine gevaden Linien vor 
Ber Gonnen biniveg vber den Delphine 
wnd Kechten Fhigel des Schwanens 
gegen der Cafliopex. auff die 70, Grab 
mmc sesieceay Headed: steaiesieaeae ion 
A. Comet wie ce bers 20. Decenb.'Pune 1680. 
a, aefehen worden. 
B. te ber, “heimcry Shree 
Dike 5 
E, Polus Muodi, pnb barbey Stella Polaris: 
F. F. Citeulus Polaris 
G.G.G. Tropicus Caneri. 
HH. Fare Etiiptice, 
I. Atvet ber geftiett 
H, Die Dhuckew 
¥. ser fiegende feat Pecfeus, 
“Ein helley Stevy Capella oder baw Geifleia 
OG. Dasa /anpe ‘Auriga Ober Erichthogil, 


F.. EO Alita 
©. Die frelne Zanigin Calliopes, 
YS Sova, 


te Diber, 
che Zine. 


i aia a 


enitfranocnen 


LCygendiicher Worf ! bes Hntio 16806 


2 meinen AMAA APOC MEL oo fang / er thar weig oder Dfdich snd niche — 
fb HE LE ge 22) | mehr fo brart als suvorvonden bey dein 
CSternen cfwas Heller nd Dichter beys 
famimen/Dberbalb aber etwas Dinnce 

MND Mebe aufigebraitce 7 jedoch endlich 

S= | inider gufammen gefpikets Der Stern 
e— = felbficn war trib pnd Flein ¢ faum fo 
Sa) Be arofi als Der niche wert Darvon | ftcbende 
a — | Venus-Orern j inden folgenden Sf agen’ 
> Hf aff den s.“Jenner dijo 1681, Yahrsy 
= = | ging der Comet bey dem Oelphinrwie 
ae atich bey der Echnurien ond Half des 

a: | Blcgenden ‘Pferde Pegafli fitriiber / 

= | burih deffen Bruft/wnd bey dem Neche 

— fen Cchercel vber Den Tropicum Can- 

i cri nd aut den WFifehen in den Wide 


Se eer: Db gwar der Sehweiff allarmache 
=e Fi Lich abgcnommen / alfo Daf ex von bent 
| Haupt der Andvomeds , darbey dee 
= | Conwetdamabls allernechfE flunde/Faum 
= S— hoch so. Grad / bift ber den Perfeunt 
= S— ! eriichte / fo wurde doch der Stern 


S— hiche Feiner fondern fcheinte holler ale 
— 5! ee I a AE eae | 
Mevrichtere cy nity Brees Pd bernach 
nur Einen Brady biG er pen 2s. Senne 
Hit bert sroenen Seerntinin bali Trian- 
culi gegen ber DWiucken oder Bienen i 
dem 9, Grad des Suiers ¢ cine gerade 
Zinn machte/feinen Faum noch fiehts 
= babren Gchweiff nur auff io. Sradyin 
e— bas Haupt Medulr anffirectend. Das 
— nun en foleh febrdckliches Spectacu- 
lum am Dime / niche auch feine for 
Derbabre wichtige Bedeuttung ¢ groffer _ 
— Enderungen ond wrnverimuthlicher Que 
hain auf aden oieine he ie 
nbiger cs lerchelich wider/prechen Fons 
ttn s Darvon aber (Gelicbta Bott? 
sin befonder Lracticlein erfolgen folle, 


P, Mcgerlin/D, 
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5, Antromeda, Shr angefeficte ter. 
T. Pepalitc Dyas Sieacne ih 
* bas tleine Pycedy 
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nymedes, 


fein bedDeten / tame er bat ehraca gees 
fed werden dle OAnethein aber / tan ce 
ineqen Bemlicha ober hellim Tronne 
aig pnltehtbar tear-boman, Bec 
adso, Biff gum ays Semute Am ioBs 


gee, Via Latkes Die MWUlehfipag, 
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Jacob Milich. Comment. in Plin. lib.2.de Hift. Mundi. 
Receptum omnium feculorum confenfu, Cometas prodigia effe, 


Ligcnelicher Berichte wetcher Geftalten der nacmoencéliche/ difes 


su End-lauffenden s6soften Jabrs/ noch in der Luffe fichende Comet su Marck Wailtingen 
etliche WAbend obierviret worden. 


die Lufft trib und wolcficht getwefen/hat felbige fic) Den 16, 26, gegen Mbend anfahen auf: 

subellert / Dafi fich Das Gerwulef nab und nah von Often / gen Westen gewalket / nicht an: 
berft als cin Vorhang auf cnem Theatro reagesogen wird; Darmit was der Allerhddhfte mn der 
Lufftuns wolte weifen/auch madchte gefehen werden. Wie Dann nach antergangener Gonnen/iwie 
feben 5. und 6. Ubr / aus Dem Welkfeits noch etwas flehendem Gewdlck/unverfehens cin lang = breit: 
und bleicher Gebein / oder Strahl / fich erwifen / cin Anjeigen cines gegenwartigen Cometen oder 
Sein Sterns; fo defto greslicher und entfeslicher anjufcben war/ weilen porher/nit das gerinalte 
(ob fchon von cinem Cometen aus anderen Orten bereits Bericht gethan/und defiwegen alle Nacht/ 
fo offt die Lufft hell qewefery fleifige Aufiicht qehalten worden /) dergleichen Fonnen vermercét wer: 
Den. BWeilen nun wie eri gedacht/die Luffe Gudweft (eit / wo Der Comet damals fein Grand hatte, 
nocd) etwas wolcficht/ als hat Der Comets Stern / fodarunter verborgen/pnd allem Anseigen nach/ 
bereits untergangen rwar/nicht Fonnen obferviret werden / Der groffe und belle Strabloder Sahein 
aber / wurde big nach ro. Ubrew verfparet. Deniz. 27. Decemb. war die Lufft bey uns / neben 
Sraufamer Kalte / gant heiter und hell / da fidydann mehr gedachter Comet Mbends unt 5. Ubr gang 
prafentiret/ unferm Geficht nach/ quf ro. Grad von unferm Horizont echdhet. Er ftund recht 
GSudiweff. Weilen aber der sur GeitensGudwwerts im g. gt. Pile. fkehende Mond/ mit feinem Licht 
bie nechftbefindliche Stern/jrmlich verfleinert/und aus dem Geficht genommen/als Fonten auctydic/ 


OG dentin dem Monat Decembri ein Seiflang /fowol Taqe/ ale Nacdhts/ 


| 


Dem Cometen nechft-fiehende Sterne/nicht wol gefehen werden / allem WAnjeigen nach aber/ funder | 


unter Dem Aquacore oder Linca, unter Dem Geftirn deb WDdlers bey oder in Ganymede; und ift Der 
erjie Stern tn collo Aquilx, bey der erften obfervation mitten in Def CometenStrabl oder Schein; 
Lucida Aquilxin edudcione colli aber/nechftan demfelbigen / und etwas befferd hinauf Sagirca gee 
flanden/ftund alfo der Comet ber dem TropicoCapricarni, Der (ehrdcflich breit-und gro? Schein 
pder Strahl richtcte fich gerad theils an/ theilg in Galaxia, gegen Cafiopcia, welches Geftirn er 
aud bep nahe errechte. Der Comet-Stern Fompt einem Stellx fixe ecundz , oder mebr certiz 
magnitudinis gleich / Deffen Karb alle Whend etwas feuriger worden ; aank aber / und mit feinem 
Schein oder durdjdhrinenden GonnensStrabl/ war er fo grog und entfeghch anjufehen, ale iemals 
einer ju Gefichtmag Fommen feyn. Er gieng untergleich nad 6 Ubren / Der Sebein aber / wurde 
nod) ethiche Stunden/ und faft bik 11. Ube gefpdret. Den sg, 28, Decemb. iftder Comet aber: 
mal um §. Ube Whends gefehen/ und in der Erhdhung um unfern Horizonr unferm Befidht 
nad) 13.9t. 30, min obfervirer worden / gieng unter um 7.Ubr. Ge5einPauffift fehr fehnell/alfo, 
Dafer proprio moru in Faq und Radht fiber 3. gr. fich twciter herauff uber Den Aquatorem pen 
Signis Borealtbus mibert / und bercits ber Aquilam, Sagittam, Delphinum, Equum minorem , 
in Pegafum gefiigen / machet mit bem Schein oder Strahl und der Galaxid ein Angulumacurum, 


EE 








fo fich swifehen Andromeda und Caffiopeia jufpiset; wienach genugfam citgenommenen Ober. 
vationen , fo lang er wird Fonnen bey uns gefehen werden / in cinem Altronomifthen Wbrifi foll 
geivifen tecrden. 

Was nun difer Comet bedeutet/ odce nach etlicher Meynung / wiirce/ Darvon ift PON Hifens 
aud) viles fagen /jebrerben / ud urtheilens / und rill weqlicher vil soiffen 5 da Dann manchmal / auch 
bey Denen / Dic vermernen Das Hirn am rechten Ore ju haben / ) fo felsame Gebnacten und Mucken 
fliegen / DAB man nit werkt / ob manimlefen/ und hdren/ einen lachenden Denocritum, oder 
weinrenden Heraclirum abgeben folle. Gileidy> wie aber noch Fer Mathemaricus oper Phyfeus in 
folche Experienz Fourmen / dafter cigendlich, was cin Comet feinem Wefernach jepe / aus gervifen 
Principiis Darthun Fonte! alfo audys ob fthon von gelehrten Theologis und Mathematics, durch 
lange Erfahrung (worbey wir billich aucdy verbleiben) obdiervirer tworden/ Daf folche Cometen 
gemeimalich groffe Menderung/ merftens aber / Unglic® und Straffen vorbeDeutet ; So fun doch 
mit Feiner Gwifheit / oder ermgem princinio pargethan werden / was / oder wem/ oder wann/ 
rweldhem Land / Nation oder Perfohir / etwas hicrmit vorbedeutet werde: Deroweaen fich in dere 
glerchen berauf lajfen woller/ heibt eine unverfkandige und ungegriindete Vermeffenheit/ unp 
Eingriff in Die Gattliche Providenz beqehen. 

Sebr gut/und von groffee WirhtigFert feyn hiervon die Wort def niemahl genug belobten ere 
fterr Teutichen Kayfers Caroli Magni, dber den Cometen fo su feiner Beir Ynno 814. aefehen 
worden: Timeamus conditorem Cometz, non Cometam, & laudemus clementiam ejus, Qui 
noftram inertiam, cum peccatores fimus, talibus dignarur admonere prodigiis, Luft ung Dem 
Sehipffer def Cometen fecuen und fordten/ und michrden Cometen an fic felbften; Lake ung 
feine Gute und Barmbersighcit preifen/ dafi er um unferer flindlicherr Faulcund Srdaheit / Durch 
folche Lufft- und Wunders Zeichenvuns ervoecken und aufmunteren will, Der Yllweife SMeevaller 
GStirn und Cometen HErr und Shaper / verlephe gnadighich / dafdured dife grofie Lufft- und 
Cometen-Fackel/vil in Sunden verfinfterte Hergen /jurwahren Buffe geleitet / und feeliglich / die 
bermuthet vorfiehende Plagen und Straffen / entweder gdnglich von uns abgewendet / oder Dod 
gelindert rerden- 


Si quid {cis re@ius iftis, 
Candidus imperti; fi non, his ucere mecum. 


Gedrwctt ju WAusfpurg / ben Jacoh Koppmayer. 


The Great Comet of 1680 over Weiltingen in south-central Franconia. The observer in the foreground is clearly measuring the tail 


length with a quadrant. Anonymous 
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A Both Newton (above) and Dorffel (above right) determined a 
parabolic orbit for the comet. 


> Although more and more authors raised their voice against the 
fear of comets, Christian authors were also active. Title page of a 
tract against ‘Comet ridicule’ by Erasmus Finx. 


< View of the comet over a snow-covered winter landscape (op- 
posite, above) anda stylized celestial chart with the path of the co- 
met (opposite, below). The second, brighter comet at the top is an 
enlarged reproduction. 


L. Doomer (opposite, above), M. Merian (opposite, below) 
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¥ Comet Halley 1682 


fter the turmoil in 1680, the comet of 1682 initially aroused little attention. Only two decades later did 


the significance of this comet become clear. The young Englishman, Edmond Halley, who was him- 


self one of its observers, recognized that the comets of 1531, 1607 and 1682 were actually the same, 


periodically returning, celestial body. The aura of being a harbinger of fate was removed from comets. In doing 


so, enlightenment and science gained a victory over superstition and the fear of comets. 





Number: 9 
Designation: 1P/Halley 
Old designation: 1682 | 
Discovery date: 23 Aug 1682 
Discoverer: Unknown 
Perihelion date: 15 Sep 1682 
Perihelion distance: 0.5826 AU 
Closest Earth approach: 31 Aug 1682 
Minimum Earth distance: 0.4231 AU 
Maximum magnitude: 0.5 
Maximum tail length: 30° 
Longitude of perihelion: 109.2° 
Longitude of ascending node: 54.9° 
Orbital inclination: 162.3° 
Eccentricity: 0.9679230 


All dates are in the Gregorian calendar. 


Orbit and visibility 


Halley's Comet in 1682 also traced its path through northern starfields. 
At closest approach to Earth and perihelion the comet was north and east, 
respectively, of the Sun. In this respect, European and North American 
observers were favoured. Only the end of visibility occurred in constel- 
lations that were reasonable for southern observers. 

Atits discovery the comet was east of Auriga. It was already visible well 
away from sunrise in the morning sky. Because its path initially took it 
in a north-easterly direction, for Central European observers it was cir- 
cumpolar between 20 and 30 August. The most favourable observation- 
al conditions occurred in the evening and morning. At the end of this 
phase, closest approach to Earth occurred on 31 August. 

At the beginning of September, the comet moved back towards the 
south. It was now visible only in the evening sky. On 5 September it 


passed the constellation of Coma Berenices, and a few days later pas- 


90 


sed to the south of Arcturus. In subsequent days, visibility conditions 
deteriorated, because it was now nearing the Sun. Around 20 Septem- 
ber it became invisible for observers in Central Europe. 

The comet crossed the ecliptic well ahead of the Sun at the begin- 
ning of October, in the constellation of Libra. It was no longer detect- 
able with contemporary methods, because it had travelled too far away 
from the Earth. 


Discovery and observations 


No unambiguous information about the discoverer of the comet has 
survived. North American sources favour Arthur Storer, the first ast- 
ronomer in the English colonies in America, who saw the comet on 23 
August. But there are sightings from France and England on the same 
date. Because the comet at that time was already about magnitude 2 in 
brightness, and could be easily seen with the naked eye, we can assume 
that it was noted simultaneously by astronomers in several countries. 

On 24 August, Johannes Hevelius observed the comet from Danzig, 
and detected a tail 12° long. The following evening, from Plauen, Georg 
Samuel Dorffel estimated the magnitude at 1. Hevelius confirmed the 
tail length that he had previously reported on 27 August, and on 28 
August, at the Paris Observatory, as much as 30° was seen. But John 
Flamsteed at Greenwich reported only 5° on 30 August, but 10° on 1 
September. Hevelius estimated it at 16° on 31 August. 

The widely varying values are probably not the result of morphologi- 
cal processes in the comet, but are to be ascribed to differing observa- 
tional conditions. The most reliable are probably the sketches by Isaac 
Newton, according to which the length of the tail between 29 August 
and 1 September was about 20-25°. The comet must have then been 
about magnitude 1. 

About 5 September, it reached greatest magnitude at about 0.5. On 
that date, the person after whom the comet was later named, observed 
it. To Edmond Halley, when compared with the Great Comet of 1680, 
the head appeared larger, but the tail was significantly shorter. On 8 


September, Hevelius telescopically observed a curved, bright stream- 


er from the nucleus, and similar observations were made by Robert 
Hooke. These were the first records of sudden outbursts that were la- 
ter found to be typical phenomena of the comet. 

On 12 and 13 September, the tail had already almost disappeared in 
the bright twilight. Halley was able to follow the comet until 20 Sep- 
tember. On that date the magnitude must have been about 3. Later 
sightings were recorded on 22 September by Dorffel and Storer, and 
from Greenwich. The last observation was obtained by Simon van der 
Stel, the first Governor of the Dutch colony at the Cape of Good Hope, 
who, on 24 September 1682, was the last person to see Halley’s Comet 


in the seventeenth century. 


Background and public reaction 


Just two years after the most impressive comet of the seventeenth cen- 
tury, the last ‘unannounced’ apparition of Halley's Comet was over- 
shadowed by that event. At the same time, astronomers anticipation of 
another bright comet was very high. Practically all prominent scientists 
of the time participated in observations. Johannes Hevelius, who had 
already become famous with his Cometographia of 1668, made obser- 
vations despite his observatory being destroyed by fire three years earlier. 
Among the observers was a certain Edmond Halley. The young, 
26-year-old astronomer had married shortly before. The comet of 1682 
was, however, to play a greater role in his life at a later date. In 1695, 
Halley calculated the orbits of 24 historic comets. In doing so, he was 
struck by the similarity between the orbits of the comets of 1531, 1607 
and 1682. For along time he doubted the agreement, but eventually, in 
1705, published the prediction that the comet would reappear in 1758. 
The differing intervals he rightly explained as caused by perturbations 


by the planets. Halley additionally predicted the return of the comet 
of 1680 after 575 years — but this error remains a minor footnote to his 
epoch-making achievement. 

Among the general populace, the comet of 1682 did not meet with a 
great response. Onlya few broadsheets appeared. However, the Turks, in 
their siege of Vienna, quite deliberately used the fear of comets against 
the defenders. Criticism of the astrological and Christian interpreta- 
tion of comets was more common. In the cause of enlightenment, the 
scientist Jacob Bernoulli, from Basel, castigated comet mania and its 
pamphlets. Comets were nota sign from God. In 1682, Bernoulli wrote 
that one could predict as accurately “that the frogs in the Rhine would 
croak more often”. In fact, eventually, Halley's successful orbital analy- 
sis was the fatal blow for comet hysteria. Far from being unpredictable 
signs, comets became predictable celestial bodies. 

In many sources about the appearance of Halley’s Comet in 1682 
there is confusion about the date of observations. This is because of 
the contemporary change between the Gregorian and Julian calendars. 
Whereas most of the Catholic German states, Poland, France and Spain 
introduced the calendar reform carried out by Pope Gregory XIII from 
1582, the evangelical areas of Germany as well as England and its colo- 
nies retained the Julian calendar into the eighteenth century. In 1682 the 
difference amounted to 10 days. Failure to take the conversion into ac- 
count occurs with the date of 15 August that is often given for the date 
of discovery (25 August in the Gregorian calendar, which is thus later 
than the actual date of discovery of 23 August), and equally over the 
question of whether Storer or Dorffel should be awarded the honour of 
discovery. Both observers were using the Julian calendar, and so were 


10 days ‘ahead of’ their contemporaries. 
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A Aview of the comet over Hungary. This representation reflects |» Broadsheet with the position of the comet about 25 Aug. 1682 
the fear of the Turks during the last siege of Vienna. Anonymous (15 Augustin the Julian calendar), about a week before closest ap- 


proach to Earth. Anonymous 
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SOND Wunder MRuthe Bottes 
Cometen-Karkel / 


—Welche su Nirnbers allhier 7 den1y. AugufitAlterScttiund fo folgend beydeTage bernachiin dies 
fen mit GHee lauffenders 1682, Jahrz mit Erflaunens vicler Leuthe fidh eriiefer und fehen 
ayer. ; 
Parton cin gelehrees und hochreiffes Sentiment/folgendetinaffen gegeben tvordens 
Locus primz, Phoenoment hujus ; apparitionis, prout & obfervatio raditer colligi poterat, fuit in1g. long. S la- 
tit. bor. 20. Hincinter Stellas in Horizonte noftroNorico nunquam occidentes deprehenfus, {ub pedib. an- 
terioribus Urfz majoris. Difcus hujus Cometz,ftellas prime magn. facile fuperat,nucleoclaro,ovali figu- 
ra inclinato, capillitio undique nimis late circumfparfo,caudam preferens fatis latam,longitudinis ultra6.gr. 
Pefjen Geftattung und Stand / tie er Eefkesmal beobachtet worden / machet gegentvasti 
Kupffer: DBildnhs daritellig. bee Sela 
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YS itt fein Wunder / dag der Almachtige GOTT GHW  fleindunchtes Sternlein antroch in den Schtvciff fich eveiqnet 
PRG aberinalen der Welt einen neuen Schrecfens Boten/ Se = tindfehenlaffet. WolteG OFS aber/dag ne qleichfart 
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SA oder Cometen:Facel an dem Elaren Hiimriel/ als cine dedoppelte imd dicke Feuce-Huthe/uns nicht mit ihrem@Stand 
Srau-Ruthe aufgeftectet/ und svat dent Sternen: Stand tinfocit des Beeven/tinfere rohe / frilde/ unbandige und offt- 
Hach / svifchen dem Seiden der Stvillinge / und den vdedernt Ste mals Biehifche Sitter und Lebens: Wandel mit andeutete 
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fHeinung deG fo etfchedctlichen und entfeglichen Cometen vor Ox, als bofe cinder / ihme ber Seiten in die Ruthe fielen /und 
einigen Ssahren/ fid) aller Ortenin unfecn lieben Tetiticher durch Bus: Bafferung tinferes findlichenLebens / ihe fol 
Ratterlande hit und Wieder ereiqnet) fo gat fclecht un leicht: cher Gejtale cinen Ginhalt thaten, 


finnig von Sielen beobachtet mdbeherwigetfvorden. Dann . | | | 
getwiflidyen / DAG foldhe aufgehende rare SternenzLZiedter/ Sihrer S finder haue bier / aberatal en nette 
Nuthen / 


techte Deau-Ruthen GOttes feyn/ haben von allen Zeiten 
dic Dacauf (eidigeErfolgungen genuglam ettdiefen und befLsf- ‘ ny SS, ho 
Ceucht und drauet hes 8 die GOttes Straffe 
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tiget. LUndift dahero gang feicht undunfchiver /ansdemfo ¢ 
dfert und werfehrten Saridel / det ciften Ginden-ficherert os : Be —— ‘ 
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net Oseftaltunng nad? (das a 3 lt eee) rats en ages, att fo glaube rg dit / cin Licbreicher Batter 
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ge Safern odet einen duncien Schein vorfich gicbet /undetz Seales | dnadig jeigen / 
nenigimlich langen Schtueiff / Det etftinaligen etfchicnenen BARS So muG man sur Buffe frehen/und die Straffs 
Hugen Mas und twahygenommence Lange nac/ ben Sehs gears Hand Gottes beugen. 
Graden crftrecend vor fid) heefulrets gu deffert Ende/auch cits | | - a | 
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Narnbera/ su Hnden bey Leonhard Lofdyge/ ait dev Fleifeh- Ben fart. 















pe 












Sigentlicher vtbri entlemliché Co 
E dugulr difes s6sz.F mm folehergeftalt ri FLatt frurg 
tung. folget nechft 
ct, On dem Uefprung oer Cometen s fitbren die 
4 Wedlebrie untterfchiedliche Mienmagen. Une 
ter welche simlich der fentgen jecbenbar 
fcbeinet/ welche fiirgebcn/daf tie Comerets/ 
oder andereints ecfelycurende LleneSoterne/ 
alsbald im infang oer Sehspiyfung/ au: 
: qleicdy aus Tlichts ecfchaffen worden, nicht 
eben su dem FEnde/ Daf fie unmerdar fchemeli/ und fevchren : 
fordern thren unfichtbaren Stand/£ oujfimd Bewegung ett 
ter dem Mimmnel haben foilen/ bip OOrt der LL re/aus fonders 
erbeblichen Urfachen /felbige su Setter ansinder / der Welt ets 
was Dendwirdiges anguseigent, WAndere aber/ wid 3rar hey. 
tiges Cages / diemeiften geben firs dap dee Comet anderft 
nichts (ey/als eine vor vilen Ounfien yofammen gefeste Wols 
cen/ welche von der Gonnen erleuchtet wird/und nachdem fol. 
chenab odet feri /fo wiefft diefeibige einen langen oder Eurgen 
Strobm oder Schweiff vor fichs rotewol and die Dunner o¢ 
der Dice def Hanpts oder Kerns deP Cometen / folchen nach 
feiner gewiffen Proportion oder fMaffe/verlangert und vers 
Eiiriet. Andere haben nody untarfehiedlidye Ticinungen/ wel: 
che wir an feinem Ore geffelfer feyn lajjen. 








gEs werden der Cometen vielerley Hefehlecde angemers 


cet/anter weldhen etlidye febr fehrockitey gewefeny als 2. Cbri- 
ftiso4. wurde eitt Comet gefeben / weldyer bell fladertey and 
wit ein gebdrnter feurige: Drache aufgefeben. Def gleicsent 
im Sabre Chrifti 1527. barfich den 11, October /frob ym 4, Ube 
einfehroclichers febrlanger / und fenriger Comet / durch gang 
Luropaim feben laffen/und allesett gleichfant funffererrirund 
gebrandt/ (eit Obectherl war rie ets meFcumtee Qrm / welcher 
in der Fanft cin mAchtig groffes Schwert hrelte/an deffenSpt- 
seein beller Steen (Fund, an beiden Seiten aber der Saharife 
waren srwey tuncele Stern sufebert s vow dem Grern der Spt 
se/fahe man tundle Strablen /in Form eines viel - harigten 
Sdweiffes herauf geben / an der Seiten feboflen Srraby 
lent / wie Spiffe/und vicl Fleine Spmperter von Farben / wie 


Yuslpurg/ gedructh bey Jacob Kopymia ier, 
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Wlues dergleicden ecblidtte man allerhand felgame Ler ehtrehe 
Argefichter / von Heavens Bart / und arben febvoars.ilor/ 
weldye fich regtert/ id fo geePlich Bewegten Daf etliche daruber 
in Aeant bert ge;allen, 

Pefigheichen war ver jlinafthin r6S1. erfcbiencne Tomec 
felyr febrocklich /alfo/ daB tbrer piel fich (chivere GedancFen gee 
machrestveilen aber der meifte Theil der SMenfehen noc ruchloF 
dDabiniebert; fiehe: da Layee ver Hochfte abermals ju End dep 
Duguitmonate/ tifts 1682. Jobrsy cinen nubht minder entyepu: 
chen Somet/ und Wurder-Stern/an deni Hinretiel leuchtrn. 
DPifer it hice inZlugipurg/ der. 29. Ziugufiy feeb uns. Ube/ 
erftlich oblervirt fporden, ftebend/ uber der Ecbcer def Rribsy 
den Gichiveiff gegen dic vordern Klauen defi gropjers Vern Fee 
rend; felbiges Fagg / febtene der SchrwveifF ben dvitthaib Elen 
lang/iwiewoln cr noch Langer gefvefen/ wah ibn nicht def Sounds 
Sieche verduncf elt hatte, Der Kern oder Geern if grog sun (duce 
ne andifem Vag rothlich/ und glechfam mit einem Wweifjen Flor 
tihersogen. Die folgende Tage aber fchcinet er toeip gu fern. 
Sein Lauff iftwunderlich / dann ev feucheet WAbends / nach der 
Gonnen Untergang/ bis acaen to. Ubt/ gebet alsdann Nord- 
Aierés unter / und frob acaen 2. Ubr/ an der andern Geitens 
Nord Mord Ofteres fommer er wicdsrum herfiir/ Cdaber twels 
che permeinet es lieffen fich sien Someten fehend einer Lange 
rach ftund er difen Fag inden Anfang def Loreen. Weilen er 
run etlich Fag vorher anderwerts gefeben worden /als mufi er 
frinen Anfang genonimen haben/in dem Krebs. Dergletcben 
Somet-Stern if erfpiencn Un. Sh. rag. welcher cine grojfe Peft 
angefiindiget/ fo gar/ Daf allcin su Gonftantinopel s uber dren- 
malhunderttaufend Senfeben geftorben fend. Was nun oe 
(es Gomets fernerer Lauff/ und nag feine prrinuthliche Bedeu- 
funa/ wird nechftens in einem befondern Bericht in Oruck Fom- 
ments da dann der Lefer pilerband felkame Salle mit Verwuncve- 
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< Broadsheet on the appearance of the comet over Augsburg. A Viewofthe comet above Nuremberg Castle. The instruments 


Engraving. J. C. Wagner of the Eimmart Observatory are in the foreground. Anonymous 





The tail of the Great Comet of 1744 on the morning of 8 Mar. 1744 above the peaks of the Alps. The comet's nucleus was then unobser- 
vable in the southern sky. F. Chambers 


n early morning in March 1744: six giant, curved rays towered above the southern horizon. People 


stared at this captivating sight, because its origin, the Great Comet of 1744 had disappeared from the 


celestial stage a few days earlier. The rays were the tips of the giant tail, which had developed after 


perihelion, and reached so far north that it was sending this final farewell to Europe. 


Orbit and visibility 


The comet lay approximately opposite the Sun in the constellation 
of Triangulum when it was discovered. As such, it was visible al- 
most throughout the night - ideal conditions for being found. At 
the turn of the year 1743-1744, Comet C/1743 XI moved west from 
Pisces in the direction of the Great Square of Pegasus, which it en- 
tered in the middle of January. Until the end of February, the comet 
remained favourably placed in the evening sky and could be obser- 


ved to several hours before it set. 
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On 17-18 February 1744, it passed the star a Pegasi in a south-west- 
erly direction heading towards the Sun. Consequently observing con- 
ditions in the evening sky worsened, but a second window of visibi- 
lity in the morning sky opened after 24 February. ‘The tail, directed 
towards the north, could therefore be seen significantly before the 
head of the comet, because its tip rose more than an hour beforehand. 
Closest approach to Earth came at about this time, on 26 February. 

On 29 February, the comet passed northwest of the Sun, at a distance 
of 10.5°. As it did so, the direction of the tail swung froma northerly to 


a southerly orientation. In the first few days of March after solar con- 





Number: 

Designation: 

Old designation: 
Discovery date: 
Discoverer: 

Perihelion date: 
Perihelion distance: 
Closest Earth approach: 
Minimum Earth distance: 
Maximum magnitude: 
Maximum tail length: 


Longitude of perihelion: 


Longitude of ascending node: 


Orbital inclination: 


Eccentricity: 


10 

C/1743 X1 
1744 | 

29 Nov 1743 
Jan de Munck 
1 Mar 1744 
0.2222 AU 
26 Feb 1744 
0.8266 AU 
—5 

90° 

151.5° 

49.3° 

47.1° 

1.0 


junction, the comet’s head, south of the Sun, was already unfavourably 


placed from northern latitudes, and could no longer be seen. But the 


tail was so long, however, that until about 10 March, for Central Eu- 


ropean observers, it towered above the morning horizon. At the same 


time, Venus was at its brightest as the ‘Morning Star’. 


The comet then moved in a southerly direction through Aquarius, 
then towards the east at the border of Cetus and Pictor. As it did so, 


its tail finally became invisible for Europeans. This remained the case 


until the last observations in April 1744. 





Discovery and observations 


Three observers — all amateur astronomers —- discovered the comet 
independently at the end of 1743. The first was the Dutchman, Jan de 
Munck, who sighted the comet as early as 29 November from Mid- 
delburg. On 9 December, he was followed by his compatriot, Dirk 
Klinkenberg. On 13 December, it was the turn of Philippe-Loys de 
Chéseaux in Switzerland. The last compared the brightness with M31, 
which, however, seemed somewhat fainter. According to this, the co- 
met must have been about magnitude 3.5, and already visible to the 
naked eye. De Chéseaux gave the extent as 5’. 

At the end of December, C/1743 X1 was at about magnitude 2.5, 
having already become significantly brighter. A short tail was visi- 
ble through a telescope. This developed faster from January 1744 and 
had already reached a length of 6-8° by the end of the month. How- 
ever, only the first 2.5° were really bright. At this period the comet had 
a magnitude of about 2. 

In February, the rate of increase in the brightness became marked- 
ly greater, and the comet became more-and-more brilliant from one 
evening to the next. By the beginning of February, it has already pas- 
sed the magnitude 1 mark, and by the middle of February at -1.5, it 
seemed brighter to observers than Sirius, the brightest star in the sky. 
In February, the tail formed a beautiful, almost straight ray of light, 
20-25° long and 2° wide. Jacques Cassini, son of Giovanni Domeni- 
co Cassini, saw the tail on 15 February as double: the eastern branch 
was 7—8° long and curved, and the western was straight and reached 
24°. This division of the tail had already been seen by de Chéseaux on 
31 January, and it remained until the comet passed the Sun. 

In the days before solar conjunction, the sight became ever more 
impressive. Gottfried Heinsius 
described the comet on 24 Fe- 
bruary as bright and reddish-yel- 
low ‘like a firebrick’. The comet’s 
magnitude reached that of Venus, 
which, at —4, was also bright in 
the morning sky. 

On 28 February, C/1743 X1 
was perceptible in the daytime 
sky. It could be recognized at 
midday with the naked eye, but 
this required careful scrutiny of 
the sky. Its magnitude must thus 
have peaked at about —5. Telesco- 
pic observations in daylight were 
made for the first time at this op- 
portunity, and these were carried 
out in Italy, in particular. Until 4 
March, this was possible becau- 
se of the great brightness of the 


comet’s head. 
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On 1 March, reports began of sightings of the tail (for which the 
Great Comet of 1744 became famous), reaching above the morning 
horizon before sunrise. From Europe, a giant, 30°-wide, ‘multiple’ tail 
towered about 20° above the horizon in the morning twilight, whi- 
le the head of the comet was about 20° below the horizon. The high 
point was reached on 8 March. As many as six rays stretched across 
the sky! The sides of them appeared brighter, so that some indivi- 
dual observers spoke of an eleven- or twelve-fold tail. On 7 March, 
Heinsius even mistook the phenomenon for the aurora. However, it 
was actually the tips of the tail with conspicuous dark striae. (Comet 
McNaught showed a similar appearance in 2007.) The last sighting 
was reported on 9 March. 

Farther south, seamen were able to observe the comet as an im- 
pressive whole. When the head of the comet rose shortly before the 
Sun, the tail stretched across the sky as a gigantic, strongly curved 
arc. The length amounted to between 40° and a gigantic 90°, accord- 
ing to reports from various sea captains. After 22 April there were 
no reports of the Great Comet of 1744. The brightness must have de- 
creased by that time. 


Background and public reaction 


The Great Comet of 1744 was the brightest comet of the eighteenth cen- 
tury. It was the last comet that was described in the old types of pam- 
phlets and broadsheets. The reception of these tracts is, however, not to 
be compared with that of the Great Comet of 1680. This reflected the 
increasingly rational view of the starry sky and the objects within it. 

The name given to the comet is confusing. In most sources it is des- 
cribed as ‘de Chéseaux’s Comet’ even though the Swiss was the last 
of the three independent discoverers. In the literature it is often a 
case of ‘Klinkenberg’s Comet’ or ‘Klinkenberg-de Chéseaux’. For a 
long time the earlier discovery by Munck was not recognized, becau- 
se it appeared in a largely unknown publication. If, however, Munck 
is given priority, the official designation of the comet should actual- 
ly be C/1743 W1, because it was discovered in the second half of Nov- 
ember, and not in the first half of December. 

The comet became famous for its ‘multiple’ tail. This illusion ofa tail 
that was split into several parts was explained only much later. Con- 
trary to what contemporary witnesses thought, the individual rays did 
not have their roots in a common source. They were far more likely 
to have been the upper portions of rays that ran diagonally across the 
tail. These forms, known as striae, are formed by a sequence of jets of 
material that are ejected from the comet’s nucleus. 

A similar appearance to that seen in March 1744 occurred when 
C/2006 P1 (McNaught) also passed close to the Sun, and then changed 
on its southern side. Like that of 1744, the head of the comet was no 
longer visible, but the tips of the tail, consisting of numerous striae, 
stretched above the horizon. The appearance of Comet West in 1976 


was also compared with that of the comet of 1744. 
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View of the comet over London on 26 Jan. 1744. Telescopes are 
pointing at the comet from a rooftop. Engraving. Anonymous 


Charles Messier, who later achieved fame as the first comet hunter, 
saw the comet as a young man and later wrote that this had kindled 
his interest in astronomy. De Chéseaux maintained that it was a peri- 
odic object with an orbital period of 442 years. Nowadays, however, it 
is generally taken to have been on a hyperbolic orbit — the Great Co- 
met of 1744 thus vanished, never to be seen again, into the depths of 


the outer Solar System. 


Foizenthiche cory tediieng water arojen fLowmuséir Sheva bce Selbiger nee 2hito, aan of wae: eo pea Ere pefche Dofgleeokere wer éonted fee oo ra , Pefr. Lb. a cig are gerehert 
worden. , wsdl ieloher in ae oer. Mimhirche grad fang gewefen JM, Caput Andromede . Ps, daetra Stapuds|worden A. Coput - en Ey, dexera Seapuls .C. Mirach im Fez 
Cc.  Mirach D. Medio cereatted 2 E. aire carnapecdt. a. Bate .D. Algersh Ez aa 


* 


= id Seas oe > 
a he ee = Ss +3 rae 


Psa ee 


—————__ == 
“a TE bat inane sie Ee See rerorn ns 








ee P Ferpect wort Sins f ee “re. Lirich 


A Acomparison of the comets of 1680 (left) and 1744 (right). Vv Views of the comet in January and February 1744. J. G. Puschner 
D. Herrliberger 
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The impression of six or 
more tails rising above 
the European horizon (left) 
gave rise to the belief that 
they had a common sour- 
ce in the nucleus of the 
comet. The situation ac- 
tually corresponded with 
the appearance of Comet 
McNaught in 2007. The 
sketch (below) shows the 
path of the comet from 13 
Dec. 1743 to 8 Jun. 1744. 
The six-fold tail is depic- 
ted for 8 Mar. 1744. Anony- 
mous (left), Philippe Loys 
de Chéseux (bottom) 
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¥ Comet Halley 1759 


he first return of the comet after Halley's prediction was a triumph for science. Comets were no longer 


unpredictable nightmares, but predictable celestial phenomena. A farmer from Saxony, of all people, 


played a major role in this, and his recovery of the comet was a special form of Christmas present. But 


in Paris people did not find this amusing. 








Number: 11 
Designation : 1P/Halley 
Old designation : 1758 | 
Discovery date: 25 Dec 1758 
Discoverer: Johann Georg Palitzsch 
Perihelion date: 13 Mar 1759 
Perihelion distance: 0.5845 AU 
Closest Earth approach: 26 Apr 1759 
Minimum Earth distance: 0.1225 AU 
Maximum magnitude: 0 

Maximum tail length: 47° 
Longitude of perihelion: 110.7° 
Longitude of ascending node: 56.5° 
Orbital inclination: 162.4° 
Eccentricity: 0.9676792 


Orbit and visibility 


The orbit of Halley's Comet at its first predicted return in 1759 was ex- 
tremely similar to that of its most recent apparition in 1986. Only the 
beginning and end of visibility could be seen from Europe, and at clo- 
sest approach to the Earth the comet was in the southern sky. More- 
over, the apparition was divided into three periods of visibility for Eu- 
ropean observers, with intervening phases of invisibility. 

At discovery, the comet was in the constellation of Pisces in the eve- 
ning sky. At the beginning of 1759, it approached the Sun in Aquari- 
us. The first conjunction with the Sun took place there on 1 March: 
because of its separation of just 7°, the comet remained unobservable. 

By the end of March the comet reappeared in Capricornus. From 
Europe for about three weeks it was therefore unfavourably low on the 
horizon to be seen. Then it disappeared in the direction of the sou- 
thern sky. Subsequently, the comet crossed the whole of the southern 
sky from Pisces Austrinus to Centaurus within 10 days, at an appa- 
rent angular velocity of up to 17° per day. On 25 April, it reached its 
southernmost location at -71° declination. The following day it was 


closest to the Earth, so it could not be followed from Europe. 


In the last days of April, the comet reappeared in European skies 
in Hydra. When it did so, it was nearly opposite the Sun, so it could 
be observed in dark skies. The best period of visibility for northern 
latitudes then followed, although the Full Moon on 12 May interfe- 
red with the view. 

At the end of May, the rapidly retreating comet reached the constel- 
lation of Sextans. Here, it remained visible until the end of June, befo- 


re it disappeared in the evening twilight. 


Discovery and observations 


At Christmas 1758, Johann Georg Palitzsch, a farmer from Saxony, 
allowed himself an hour’s leisure at the telescope. Using a Newto- 
nian telescope of 8 feet focal length, that stood close to his farmhouse 
in Prohlis near Dresden, on the evening of 25 December he obser- 
ved Mira in Cetus. Palitzsch later commented: “When, according to 
my laborious habit of observing everything that occurs in physics as 
much as possible, and to be attentive to celestial events that the fixed 
stars undergo and to see how the star in the Whale, which is now vis- 
ible, appears, and also whether the comet, so long predicted and so 
greatly desired would, furthermore, be revealed, so was I granted the 
indescribable pleasure of discovering, not far from this wonderful star 
in the Whale, in the constellation of the Fish and indeed in the strip 
between the two stars Epsilon and Delta according to Bayer’s Urano- 
metria, or O and N on the Doppelmayer charts, a nebulous star never 
before detected in that position. Repeated viewing on the 26th and 
27th confirmed my suspicion that this was a comet. Because since the 
25th it had truly surged forward ... within 2 days by 3 degrees 24 sec- 
onds in longitude and 1 degree 5 seconds in latitude, and indeed in a 
retrograde direction.” 

Palitzsch reported the discovery to the Dresden scholar Christian 
Gotthold Hoffmann, who observed the comet on 28 December. He 
did publish a note about his discovery, but did not recognize that he 
was actually dealing with the long-sought Halley’s Comet. It was only 
after the Leipzig astronomer, Gottfried Heinsius, had also observed 
the comet on 18-19 January 1759 that the identity was confirmed. 


Charles Messier, independently of the activity in Saxony, succeeded 
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in finding the comet on 21 January, using a Newtonian telescope with 
a focal length of 4.5 feet. 

In January, the comet appeared round, having a bright nucleus with 
a magnitude of about 6.5. No tail was visible. The comet now rapid- 
ly brightened, but because of bad weather in Europe, there were only 
a few observations. Messier’s last observation at the very end of the 
first window of visibility was on 14 February, only 14 minutes after 
sunset, when it was about 20° away from the Sun. The next evening 
he did not succeed in seeing it. 

On the island of Réunion, Jean Baptiste Francois de la Nux caught 
sight of the comet on 26 March. Messier saw it again from Paris on 1 
April. It appeared brighter than before conjunction with the Sun. Mes- 
sier compared the head of the comet with a first-magnitude star, and 
noted that the comet had brightened. He gave the length of the tail as 
an impressive 25°. But by 15 April the comet had disappeared again 
for Messier, with the last sighting obtained just 4° above the horizon. 

The phase of maximum brightness followed, which was visible from 
equatorial or southern latitudes. Modern estimates put the value at 
magnitude 0, but unfortunately few observations have come down to 
us, because proper observatories did not yet exist in the southern he- 
misphere. According to de la Nux, the tail measured 25° on 28 April, 
but it was thinner than previously. 

On 29 April, Messier was able to see the comet again. On 1 May he 
estimated the magnitude as 1, and on 3 May it was even visible with 
the naked eye, despite the moonlight. In the telescope, however, the 
tail was only 1.5° long. In contrast, de la Nux reported an incredible 
tail length of 47° on 5 May - darker skies and a higher elevation ab- 


ove the horizon favoured him over European observers. 
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While de la Nux still reported a tail of 19° long on 14 May, Messier 
was already comparing the comet with a fourth-magnitude star. By 
18 May, the brightness had significantly decreased, and the comet was 
too faint to be seen by the naked eye. Messier’s last observation da- 
tes from 3 June. Joao Chevalier was still able to follow it with a 7-foot 


Gregorian telescope until the 22 June. 


Background and public reaction 


The apparition of 1758-59 was the first predicted return of Hal- 
ley’s Comet. Halley’s prediction became a touchstone and triumph 
of science, which finally put paid to the interpretation of comets as 
sensational events. 

In 1695, Edmond Halley had suspected and in 1705 had proposed 
that the comets of 1531, 1607 and 1682 were a single object. After he 
had recognized that the comet had passed close to Jupiter in 1681 and 
had, as a result, altered its orbit, he put the return at the end of 1758 
or the beginning of 1759 — although he would not live to see confir- 
mation of this prediction. 

Subsequently, there were a few new attempts at the calculation. Leo- 
nard Euler brought perihelion forward to 1757, because he believed 
that the period was continuously shortening. Jér6me Lalande named 
November 1757 as ideal for rediscovery. Alexis Claude Clairault im- 
proved on these suggestions by predicting perihelion for 13 April 1759 

— only one month away from the true date — but this orbit was only 
made public in November 1758. 
Many observers searched for the comet from 1757. Among these 


was the young observatory assistant, Charles Messier, who had been 
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given this task by his Director, Joseph-Nicholas Delisle. Messier used 
a chart by Delisle, which was, however, based on a date at which the 
discovery would be made with the naked eye. Telescopically, however, 
it would be possible to detect the comet before this date. However, De- 
lisle forbade Messier to search in any other locations. 

So, unwittingly, he left the way clear for the ‘peasant astronomer 
Johann Georg Palitzsch from Saxony. Under difficult circumstances 
in the middle of the Seven Year’s War — Saxony was under siege from 
Prussia and Austria — he succeeded in the epoch-making discovery. 
Official astronomy, particularly French astronomy, had been duped. 
Messier had found the comet on 21 January, without knowing any- 
thing about the actual discovery. On the very same day, the news ar- 
rived in Paris that the comet had already been found — almost one 
month earlier. 

Delisle prohibited Messier from announcing his discovery, because 
he did not believe that they were dealing with Halley's Comet. Not 
until 1 April was Messier able to publish his observations. By that 
time many astronomers, in particular those of the royal observato- 
ry (now the Observatoire de Paris), which competed with Delisle’s 
Observatoire de la Marine, did not believe in his independent dis- 
covery. This deliberate confusion was to undermine Messier’s repu- 
tation for many years. 

With hindsight, Messier’s search for Halley's Comet should be seen 
as a success. During the search, Messier had actually already come 
across another comet in August 1758, and which de la Nux had disco- 
vered. On 28 August, this comet passed a nebulous spot, which Messier 
did not know - and sure enough, he confused it with the comet. This 
experience caused the French astronomer to draw up a list of nebu- 
lae that might resemble comets, seen through a telescope. Nowadays, 
the Messier Catalogue is the most famous list of deep-sky objects and 
the comet hunter’s most famous legacy. 

Halley’s Comet in 1759 was more thoroughly and scientifically doc- 
umented than any previous comet. Because of the unfavourable cir- 
cumstances surrounding its visibility, general attention only began in 
April, finally peaking in May, when the comet once again stood high 
in the sky over Europe. Closest attention was paid to position deter- 
minations, to improve the calculations of the celestial mechanics of 
the comet's orbit. Wider interest in the comet was, however, low, be- 


cause at greatest brightness it was not visible in Europe. 
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The contestants in the race to recover Halley’s Comet: Johann 
Georg Palitzsch, the ‘peasant astronomer from Prohlis near Dres- 
den (above), and Charles Messier, the young assistant at the Ob- 
servatoire de la Marine in Paris (below). 

M. Keyl (above), N. Ansiaume (below) 
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These charts show the two portions of the comet's path visible from Europe: from 16 Jan. to 19 Apr. 1759 (above), and from 29 Apr. to 15 Jun. 1759 (below). 
Charles Messier 
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¥& Comet Messier 1769 


en years had elapsed after Messier’s defeat in the race for the recovery of Halley's Comet, when the ‘fer- 


ret of comets’ came up with a spectacular discovery. Messier's find rose, in the fastest time, to become 


the second brightest comet of the century. The length of the tail of the Great Comet of 1769 was impres- 


sive. The comet gained Messier national and international recognition. 








Number: 12 

Designation: C/1769 P1 Messier 
Old designation: 1769 | 
Discovery date: 8 Aug 1769 
Discoverer: Charles Messier 
Perihelion date: 8 Oct 1769 
Perihelion distance: 0.1228 AU 
Closest Earth approach: 10 Sep 1769 
Minimum Earth distance: 0.3229 AU 
Maximum magnitude: 0 

Maximum tail length: 60° 

Longitude of perihelion: 329.1° 
Longitude of ascending node: 178.3° 

Orbital inclination: 40.7° 
Eccentricity: 0.99924900 


Orbit and visibility 


Charles Messier discovered his Great Comet in the constellation of 
Aries. From there it moved into Taurus in August. This meant good 
visibility in the morning sky with a relatively high elevation above 
the horizon. 

In the first days of September, the comet passed through the north- 
ern area of Orion. On 5 September is lay about 3° south of Betelgeu- 
se. Closest approach to Earth came on 10 September in Monoceros. 

As it approached perihelion, the angular velocity of the comet 
against the sky increased notably. Simultaneously, the duration of 
visibility in the morning sky decreased. In the middle of September, 
the comet was in the constellation of Hydra, close to the Sun, and 
could no longer be seen. 

In the early days of October, perihelion passage took place. The co- 
met was then invisible, but passed south of it. A short time later, the 
second phase of visibility began in the evening sky. The comet rapid- 
ly moved away from the Sun in the constellation of Virgo and enter- 
ed Serpens on 21 October, then Ophiuchus on 1 November. Here it 


was lost amongst the innumerable stars of the summer Milky Way. 


Various authors calculated parabolic and elliptical orbits for C/1769 
P1. The orbital calculation by Friedrich Wilhelm Bessel is general- 
ly accepted, and this gives an elliptical orbit with a return period of 
2090 years. 


Discovery and observations 


The famous French astronomer, already known in specialist circles as 
a discoverer of comets, found the comet on 8 August 1769 with a tele- 
scope at the Observatoire de la Marine in Paris. Messier described his 
find as ‘faint’, but could, nevertheless, see the comet, later that very 
night, at a higher altitude in the morning sky, with just the naked eye. 
Still in the month of August, Messier’s Comet had grown into an im- 
pressive object. The tail, in particular, increased tremendously. On 15 
August, Messier estimated it as being 6° long. Two astronomers work- 
ing at the royal Observatoire de Paris, Giovanni Domenico Maraldi 
and César Francois Cassini (son of Jacques and grandson of Giovanni) 
determined it as already having reached 10°, and Messier, three days la- 
ter, found 15°. James Cook, who was then in the Southern Ocean on his 
first expedition, noticed the considerable length of 42° — while the ast- 
ronomers located in Paris could make out only about half this length. 
The extremely narrow tail, pointing west and curving north was 
actually conspicuously bright only for the first half of its length. In 
September, Messier was also able to observe an additional increase in 
the length of tail. He determined tail lengths of 36° on the 3rd, 49° on 
the 6th, and 55° on the 9th. At the same time the coma expanded toa 
diameter of about 1°, and the featureless nucleus measured 4' across. 
Messier’s Comet reached its maximum brightness at the time of clo- 
sest approach to Earth on 10 September, when it was in the neighbour- 
hood of Procyon in Canis Minor. With its magnitude of 0 and its tail 
60° long, it was a splendid sight in the morning sky. At sea, Alexandre 
Guy Pingré could even make it out for more than 90°, but he reported 
that the tail appeared so faint at the end that it partially disappeared 
as soon as Venus rose. Only the first 40° were bright and up to 2° wide. 
Messier was able to see the comet on 16 September for the last time 
before solar conjunction, for Maraldi this was the 18th. To the last, 
tail lengths of 40° were reported. By the time of the first sightings in 


the evening sky on 23 and 24 October, after its reappearance, the co- 
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met was significantly fainter. Messier estimated the magnitude on 26 
October as 3 and observed a tail 3° long. On 1 November he could 
make out a length of 6°. 

On 18 November, C/1769 P1 was seen for the last time with the naked 
eye. The tail was by then just 2° long. The last telescopic observations 
by Messier were successful on 1 December. The Swedish astronomer, 
Pehr Wilhelm Wargentin was the last to see it on 3 December 1769. 


Background and public reaction 


Charles Messier was the first comet hunter. The mishap in the search 
for Halley's Comet 1758-59 had spurred him on to ‘go for gold’ with 
other comets. Between 1760 and 1785 he discovered twelve comets. 
He was the most successful discoverer of the eighteenth century and 
until well into the nineteenth century he was not overtaken by any 
other observer. 

The discovery of the Great Comet of 1769 brought Messier fame. The 
French King Louis XV called him toa reception at which Messier was 
to show him a chart of the comet. On this occasion, the French king 
called Messier ‘a cometary magpie’ because no sooner had a comet 
‘hatched’ than he had tracked it down. This led to Messier’s popular 
nickname of ‘the ferret of comets’. The increase in prestige that this 


brought later enabled him to marry a noblewoman. 


Messier was also the most eager observer of this comet. For 42 nights 
he had observed it from the centre of the French capital. In 1808 there 
was more excitement about Messier and his comet. The astronomer, 
who had in the meantime reached the age of 78, dedicated it, belated- 
ly, to Napoleon, who was born just a week after its discovery. This link 
by him of the astronomical object with the birth of the French empe- 
ror, was taken badly by contemporary astronomers as a backward step 
towards the era of astrological interpretations of comets. In doing so, 
Messier primarily hoped for an improvement in his then rather pre- 
carious living conditions. 

The extraordinarily long lengths of this comet's tail before perihe- 
lion were astonishing. If we take the maximum value of 90° as a ba- 
sis, we find an actual tail length of 3.5 astronomical units. This value 
cannot be real, and values of 1.5 astronomical units may be assumed. 
According to the Austrian comet expert, Johann Holetschek, who, at 
the beginning of the twentieth century, systematically researched and 
evaluated all cometary appearances known up to that date, the great 
lengths at the beginning of September 1769 were caused by the view- 
ing geometry. The comet's tail was pointing in exactly the same dir- 
ection as the comet had been moving. As a result, material remain- 
ing along the comet’s path led to an optical lengthening of the tail as 
seen from the direction of Earth. 
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Views of the comet over Amsterdam (above) and over Nuremberg on 9 Sep. 1769 (below). Aert Schouman (above), 
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¥ Comet Flaugergues 1811 


apoleon's rule over Europe reached its peak when the Comet of 1811 appeared in the sky. For nine 


months it was visible in the sky to the naked eye, although it did not come particularly close to eith- 


er the Sun or the Earth. In this, its apparition resembles that of Hale-Bopp, with which it actually 


has a lot in common. 





Comet Flaugergues on the morning of 15 Oct. 1811 from Winchester. Engraving. H. R. Cook/ A. Pether 


Orbit and visibility 


The orbit of the Great Comet of 1811 is unique among the bright comets 
in modern times. The comet neither made a close approach to the Sun, 
nor did it reach a position close to the Earth. In fact, both the periheli- 
on distance and the distance of the closest approach to Earth were more 
than one astronomical unit —- more than any other bright comet in the 
last 500 years — with the exception of Hale-Bopp, the orbit of which was 
even farther from the Earth, but which came nearer to the Sun. 

The discovery of the comet in March 1811 took place deep in the win- 
ter sky in the constellation of Puppis. Thanks to a path that took it di- 


rectly north, it became ever more easily seen over the following weeks. 
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By the end of April it had reached the constellation of Monoceros. At 
the end of May, the comet passed Procyon in Canis Minor. The comet 
then retreated farther from the Earth to a distance of 2.41 astronomi- 
cal units on 25 June. It then began to approach once more. As it did so, 
however, the comet became invisible in July and August, because it pass- 
ed less than 10° from the Sun (in Cancer). 

At the end of August the comet was again visible in the evening sky. In 
Central Europe it was in the northwest, near the horizon. A second ob- 
servational window was available in the morning sky in the northeast. 
Only in September could it be seen in a dark sky, because its path took 
it to more northern declinations and into the southern portion of Ursa 


Major and into Canes Venatici. As such, it was circumpolar for a short 








Number: 13 

Designation: C/1811 Fi Flaugergues 
Old designation: 1811 | 

Discovery date: 25 Mar 1811 
Discoverer: Honore Flaugergues 
Perihelion date: 12 Sep 1811 
Perihelion distance: 1.0354 AU 

Closest Earth approach: 16 Oct 1811 
Minimum Earth distance: 1.2213 AU 

Maximum magnitude: 0 

Maximum tail length: 23° 

Longitude of perihelion: 65.4° 

Longitude of ascending node: 143.0° 

Orbital inclination: 106.9° 

Eccentricity: 0.99512500 


while and thus in the sky throughout the night — just around the date 
of perihelion on 12 September. These favourable conditions for north- 
ern latitudes prevailed until October. 

In the middle of October the comet passed through the northern area 
of Bootes and then into Hercules. On 31 October, it reached its maxi- 
mum distance from the Sun of 67° — the comet was still visible almost 
the entire night. In November, the comet crossed the summer Milky 
Way in Aquila. In December it moved back into the evening sky. 

The second pass near the Sun occurred on 17 February, bringing the 
best visibility of the comet to an end. The distance from our daytime 
star was 9.5°. Subsequently, the comet reappeared in the morning sky, 


but it was now ata much greater distance. During the course of the year 


1812, it remained in Aquarius. Here observational conditions were ideal 


in summer, when it was in opposition to the Sun - it was at this time 


that the last observations were made. 


Discovery and observations 


The French amateur astronomer Honoré Flaugergues detected tele- 
scopically a nebulous patch close to the horizon on 25 March 1811. The 
following night the motion of the object could be confirmed. Obser- 
vations by other astronomers first came in April. The magnitude of 
the comet at this time was about 6. 

By the middle of May, the comet was visible to the naked eye. How- 
ever, because of the imminent first passage near the Sun, observa- 
tional possibilities worsened. Flaugergues last saw the comet on 29 
May and the Hungarian astronomer Franz Xaver von Zach on 2 June. 
Alexander Humboldt was last able to see it on 16 June at a separation 
of 40° from the Sun. 

Flaugergues himself succeeded in finding the comet again on 18 
August. Friedrich Wilhelm Bessel saw the comet on 23 August at an 
elevation of just 4° above the horizon and in twilight. He estimated 
the magnitude as 2. From Berlin, on the same day, Johann Elert Bode 
noticed a tail. It became easier to see in the succeeding days. On 9 Sep- 
tember, William Herschel described it as curved, 10° long. On 18th, 
it was 12°. Herschel noted tail rays at the edges of the main tail, and 
compared the nebulous appearance with that of the Orion Nebula. 

The comet reached its maximum brightness in the second half of 
October. At about magnitude 0 it was conspicuous in the night sky. 
The bright tail was especially impressive, which remained easily vis- 
ible even at Full Moon. Herschel gave the length of the tail at 17° on 
12 October, and 23° on the 15th. A characteristic of the tail was many 
rays, and two were particularly bright. The coma appeared about as 


large as the Moon, surrounding a nuclear disk of about 1' in diameter. 
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In November two components to the tail became obvious. On the 
9th, Herschel reported that the brightness of the comet equalled that 
of the Milky Way. In December, the comet was hard to see without 
optical aid. The length of the tail had reduced to 7°. 

Von Zach saw the comet on 11 January 1812 for the last time before 
the second approach to the Sun, when it was just 29° from our daytime 
star. The magnitude still amounted to about 5. It was found again on 
11 July 1812 by José Joaquin de Ferrer on Cuba with a 4-inch refrac- 
tor. The comet was then still about magnitude 8, and a tail was still 
present. The last sighting of the comet was obtained from Russia on 
17 August, when the comet was already at a distance of 3.55 astrono- 


mical units and has already faded to magnitude 10. 


Background and public reaction 


Comet Flaugergues could be seen in the sky with the naked eye over 
a period of nearly nine months. Until the appearance of Hale-Bopp 
in 1997, this made it the record-holder. Overall, C/1811 F1 was fol- 
lowed for 511 days. As well as its long period of visibility, the orbital 
geometry also resembles that of Hale-Bopp. Like the latter, Comet 
Flaugergues was both far from the Sun and far from Earth. The great 
brightness, despite this, indicates an extremely large and active co- 
met. The coma reached the gigantic size of 1.7 million kilometres and 
was thus bigger than the Sun, while the tail had a length of as much 


as 180 million kilometres. 


<The 1811 vintage is con- 
sidered one of the best ever 
known. To commemorate 
the fact that the comet was 
seen in the sky at the time 
of harvest, it was known 
as ‘comet wine’. Individual 
vintners took the comet as 
a motif for their bottling. 
Nowadays such bottles are 


worth a fortune. 


> Telescopic drawings of 
the Comet of 1811. Johann 
Hieronymus Schroter 
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As with Hale-Bopp, it was the long duration of visibility and the 
high surface brightness of the tail that aroused popular interest. Na- 
poleon considered the comet as a good omen for his Russian cam- 
paign, which he began in June 1811. In England, mocking this view, 
it was noted that no comet had been seen for longer in the sky since 
the time of Nero. In America, the comet was seen as a harbinger of 
the earthquake in Missouri of 16 December 1811, and of the War of 
1812 against England. 

The year 1811 went down in the history of wine-growing as the ‘co- 
met year’. It was a particularly good year for vintners. The Chateau Lafi- 
te that year was one of the best wines ever produced. ‘Comet wine’ was, 
for along time, a synonym for a particularly good vintage. Special bot- 
tlings when a comet appeared became a tradition dating from this time 
that was repeated throughout the nineteenth and twentieth centuries. 

Scientific results were rather limited. Sketches by William Herschel 
and Johann Hieronymus Schroter survive, but a systematic series of 
observations was not recorded. William Smyth felt that the comet of 
1811 was more interesting than Donati’s Comet, more than 40 years 
later, in particular because of the fan-shaped tail with its edge rays. No 
clue can be found for the often-reported tail length of 70° in Decem- 
ber. That would be two months after the actual peak of visibility and 
is thus extremely unlikely. The figure may well be a transcription er- 


ror, and 7° was probably meant. 








Different views of the Comet of 1811: over the Rhine at St Goar 
(above) and over a Silesian town (below). C. H. R. Schreiber (above), 
R. Knotel (below) 








A A typical view of the comet. The bright edges are not an error 
in the representation, but one of the comet's distinguishing feat- 
ures. F. Chambers 


vV Ahand-written note and sketch of the comet. Dominikus Debler 
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APPARITION DE LA FAMEUSE COMETE (de 181) VUE DU QUAI DE LA VALLEF.. 
See Ai Je fa @ripotte : 


Excitement over the Comet of 1811 in Paris (above). Another ver- P& Drawings from 10 Sep. and 14 Oct. 1811, showing the appearance 


sion of this scene with a different representation of the comet to the naked eye. The bright edges to the tail, typical with Comet 


(below). Anonymous Flaugergues, are prominent. Anonymous 
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¥ Comet Halley 1835 


t had been looked forward to for years: Halley's return in 1835 was another triumph for science. Free from 
superstitious fears, astronomers followed the comet from all over the world, and monitored it like no prev- 
ious comet. The systematic observations brought new discoveries about the nature of comets. In the general 


public, however, it left no lasting impression, unlike comets later in the century. 





Halley's Comet of 1835. Watercolours and charcoal. John James Chalon 
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Number: 14 
Designation: 1P/ Halley 
Old designation: 1835 Ill 
Discovery date: 5 Aug 1835 
Discoverer: Dominique Dumouchel 
Perihelion date: 16 Nov 1835 
Perihelion distance: 0.5865 AU 
Closest Earth approach: 12 Oct 1835 
Minimum Earth distance: 0.1865 AU 
Maximum magnitude: 1 

Maximum tail length: 40° 
Longitude of perihelion: 110.7° 
Longitude of ascending node: 56.8° 
Orbital inclination: 162.3° 
Eccentricity: 0.9673860 


Orbit and visibility 


In the sole apparition of Halley's Comet in the nineteenth century, 
the visibility conditions particularly favoured the Earth’s northern 
hemisphere. At the time of closest approach to the Earth, the comet 
was far to the north. This took place more than a month before pe- 
rihelion, in contrast to 1759, 1910 and 1986, when closest approach 
followed perihelion. 

When the comet was discovered on 5 August, it was close to the sol- 


sticial point on the ecliptic on the borders of Taurus and Gemini. It 


had passed close to the Sun earlier, on 2 June. The comet moved away 
from this event ina north-easterly direction, and was thus in the mor- 
ning sky when it was discovered. Conditions improved greatly for Eu- 
ropean observers in the following weeks. In September the comet pas- 
sed between Bootes and Gemini, and then made its way across Lynx 
in the direction of Ursa Major. At the end of September it had become 

a circumpolar object for most of Europe. 

Closest approach to Earth occurred when the comet was in the ‘front 
paws’ of Ursa Major on 8 October. A few days later, the comet reached 
its greatest northern declination, +64° — the farthest north for all ap- 
paritions of the comet in modern times. 

After it had passed through the body of Ursa Major, Comet Halley 
turned back towards the south. After 15 October it returned to the 
evening sky. The path took it past Bodtes towards the Sun and as a re- 
sult the visibility worsened considerably. Perihelion occurred on 16 
November. The comet was then northeast of the Sun in Ophiuchus, 
but for Central Europe, set at the end of twilight. 

After the second pass near the Sun on 7 December, the comet moved 
to the southern side of the Sun. When in the constellations of Scor- 
pius and Lupus it could at first only be observed deep in the morning 
sky. Only at the end of March did it return northwards, passing south 
of the constellation of Corvus. The last observations were obtained in 


May, when the comet lay between Sextans and Hydra. 


Discovery and observations 


As in 1759, the search for the reappearance of the comet turned into 


a race. This one was won by the French Jesuit Dominique Dumou- 
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chel, who was Director of the observatory at the Collegio Romano in 
the Holy City. He observed the comet on 5, 6 and 7 August 1835 with 
the 6.5-inch refractor of the institute, which was the precursor of the 
present-day Vatican Observatory. On 20 August it was also found by 
Georg Friedrich Wilhelm Struve at Dorpat (now Tartu in Estonia) 
using the famous 9-inch refractor built by Fraunhofer. In the days 
that followed, it was also seen at other observatories. 

At the time of discovery, the magnitude was about 12. When Stru- 
ve saw it, it was already 10.5. However, in August the comet appea- 
red tail-less. The first sighting with the naked eye was reported on 19 
September. This was confirmed by the elder Struve on 23 September, 
together with his son, Otto. At that time the comet had a magnitude 
of about 5. One day later, the beginnings of a tail were reported, and 
on 2 October, Friedrich Wilhelm Bessel, observing telescopically, saw 
one of the jets that were to become typical for this apparition of the 
comet, and which he described as ‘like a flame’. 

The magnitude now rose significantly. On 4 October it was esti- 
mated at magnitude 4.5, and the tail grew to more than 1°. On 8 Oct- 
ober these values had increased to 1 and 20°, although widely differ- 
ing tail-lengths were reported, most likely because of differences in 
the clarity of the sky. 

On 10 and 12 October, Struve observed a distinct jet arising from 
the nucleus. He compared the appearance with the ‘discharge froma 
cannon, with the sparks swept away by the wind’. William Smyth in 
England and Bessel in K6nigsberg had noticed the jet, which, accord- 
ing to the latter had a length of 30" and was pointing in the opposite 
direction to the tail. Bessel tried to determine its rotation. 

The length of the tail peaked at 40° in the days around 12 October, 
although this value was reached only in very dark locations. Bessel 
estimated it as 28° on 15 October. Smyth reported 15-20° on 19 Oct- 
ober. The magnitude at this period was 1.5, but toward the end of the 
month it declined significantly. Around the end of October and the 
beginning of November, the comet was still at magnitude 3, and the 
jets from the nucleus were still visible. 

The last observation before solar approach was obtained by the ob- 
servatory at Kremsmiinster in Austria on 22 November, only 3.5° ab- 
ove the horizon in the evening twilight. After passing the Sun, Halley’s 
Comet was recovered on 30 December 1835 by Karl Kreil at the obser- 
vatory in Milan. It mgnitude was about 4. Thanks to its southern loca- 
tion, it was also within reach of John Herschel, who was then working 
at the Cape of Good Hope, and who later recalled that he had ‘eagerly 
looked out for the comet’, well before he would have been able to see it. 

In March 1836, a tail could no longer be seen, and the comet faded 
below the naked-eye limit. Herschel observed the comet “the whole 
night, and every night” until 20 May. “To be honest, I am glad it has 
disappeared” he noted ina letter written to his aunt Caroline. On the 
same date, a last observation was also reported from Germany. Palm 
Heinrich Ludwig von Boguslawski saw the comet from Breslau, at an 


imposing distance that was by now 2.73 astronomical units. 
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Background and public reaction 


The second return of Halley’s Comet, according to Edmond Halley’s 
predictions, was expected in 1835. The Turin and Paris academies of 
science both awarded prizes for the calculation of the expected path 
and the date of perihelion. There were, therefore, numerous compe- 
ting calculations in advance of the comet’s return. Perihelion dates 
between 4 and 15 November were named. It was thanks to these as- 
tronomers’ calculations that the comet could be found even at a dis- 
tance of 2.5 astronomical units. 

For the first time in the history of the observation of Halley’s Co- 
met, scientifically accurate documentation of its position was achie- 
ved. More than 1500 positional determinations were carried out 
by numerous observatories all round the world. The scientists’ at- 
tention was also directed to the nucleus and its changing appear- 
ance: Herschel, Smyth and Bessel all tried to track its changes by 
accurate drawings. 

Bessel’s life was completely linked to Halley's Comet. As a 20-year- 
old, he had re-calculated the orbit for the 1607 return and, as a re- 
sult, obtained his first astronomical position at Lilienthal Observa- 
tory. In 1835, Bessel recognized the link between the jets near the 
nucleus and the ejection of material from the sunlit side of the co- 
met. He showed that the curved tail shape was caused bya force ema- 
nating from the Sun, that had carried cometary material away from 
the head, and which had previously been evaporated by solar radia- 
tion. He calculated the mass-loss as a thousandth of the total mass 
of the comet. From this he concluded that the next return to peri- 
helion would occur about 1107 days early. In fact, this estimate was 
seriously in error — the period increases, on average, by about four 
days from perihelion to perihelion. But Bessel was not the only one 
to gain epoch-making insights: Francois Arago determined the pol- 


arisation of light from a comet for the first time. 


The development of the coma and tail structures of Halley's Comet 
of 1835. Four views of the region around the nucleus, with a clearly 
visible jet (top left). Tailand coma on 29 Sep. & 3 Oct. (top right); 14 
Oct. & 27 Oct. (bottom left); and 29 Oct. (bottom right). John Her- 
schel (top left), Friedrich Wilhelm Struve (top right, bottom) 
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¥ Great March Comet of 1842 4 


t was suddenly there, near the Sun: 

The Great March Comet of 1843 

was so bright that it was seen in 
the daytime sky by many people on 
every continent. A few days later, the 
giant comet reappeared in the sky, 
holding the record to this day for the 
length of its tail. Witnesses described it 
asa comet of the century. The cause 
of this magnificent sight: no comet 
in modern times had come so 


close the Sun. 


The Great March Comet of 1843 above the hills of Tasmania. Watercolour. Walter Synnot 











Number: 15 
Designation: C/1843 D1 
Old designation: 1843 | 
Discovery date: 6 Feb 1843 
Discoverer: Unknown 
Perihelion date: 27 Feb 1843 
Perihelion distance: 0.0055 AU 
Closest Earth approach: 6 Mar 1843 
Minimum Earth distance: 0.8420 AU 
Maximum magnitude: -10 
Maximum tail length: 70° 
Longitude of perihelion: 82.6° 
Longitude of ascending node: 3.5" 

Orbital inclination: 144.4° 
Eccentricity: 0.99991400 


Orbit and visibility 


Just 830 000 kilometres separated it from the surface of the Sun. The 
March Comet of 1843 was one of the most extreme sungrazers and, 
among the comets seen in modern times, was the one with the small- 
est perihelion distance. It brushed past the Sun on 27 February at a 
rate of 570 kilometres per second. It belongs to the Kreutz Group of 
comets, whose members are assumed to have originated in a parent 
body that fragmented in 371 BC. Kreutz himself predicted its return 
for AD 2356, but other calculations came out with a date 100 to 200 
years later. 

When the March Comet was first seen it was still February. At the 
time the comet was in the constellation of Pictor and was therefore 
unfavourably placed deep in the evening sky for Central European 


observers. Only at the latitude of the Mediterranean or farther south 
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was it better seen. Northern observers had even worse luck, in that the 
tail lay parallel to the horizon. 

The orbit did come to the aid of European observers, however, be- 
cause the comet moved northwest. On 11 February it entered Cetus, 
and passed southwest of the bright star Deneb Kaitos in that constel- 
lation. But at the same time it approached the Sun, so the more north- 
ern location did not result in better visibility. 

On 27 February, perihelion passage occurred in Aquarius. Initially, 
about 21:00 Universal Time (UT), it passed behind the Sun and then, 
just two hours later, between 23:16 and 00:29 (UT) it was out of sight 
for observers on Earth, as it passed in front of the Sun’s disk. 

The main period of visibility then began. The comet moved away 
from the Sun ina straight line directed towards the east. In doing so, 
it was better positioned for observers in the northern hemisphere than 
before perihelion. Because the Sun itself was also increasing in north- 
ern declination, for Central Europe, until the middle of March, the 
head of the comet set at the same time as the Sun. 

Until 15 March, the comet was in the constellation of Cetus in the 
evening sky. It then moved through Eridanus and into Orion. It only 
reached the stars of Orion’s Belt, however, at the end of May, by which 


time it was no longer seen. 


Discovery and observations 


It can no longer be determined who first saw the Great Comet of 1843. 
In any case, it was not an astronomer, but various inhabitants of North 
America and the Caribbean, whose sightings from 6 February (and 
12 February, at the latest) have been preserved. At that time the co- 
met had a magnitude of 3 to 4. 

Eye-witness accounts and the amount of attention it received de- 
clined in the course of February, because the comet was approaching 
the Sun. Only on the day of perihelion did it return to the limelight. 
From Chile, Peleg Ray reported on 27 February that he could see the 
comet, in daylight, immediate- 
ly next to the Sun, before peri- 
helion. This was the first of ex- 
traordinarily numerous reports 
from people all over the world, 
that the comet could be seen next 
to the Sun, after perihelion, with- 
out any optical aid. Reports from 
Europe, North America, South 
Africa and Asia described the co- 
met as ‘brilliantly white’ or ‘as 
bright as the Moon at midnight’, 
even though the comet was only 
2-4° below the Sun. A tail of up 


to 5° in length could also be seen, 


re 


scopically it was 10° long - and 


that was in the daytime sky! The 
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The Great March Comet on 19 Mar. 
1843 above Paris. Lithograph. 


Anonymous 


magnitude of C/1843 D1 must have 
amounted to at least -10 at that time. 

On 1 March, when the comet had 
moved far enough away from the 
Sun for it to be seen in bright twilight 
from southern locations, a very nar- 
row tail, with the impressive length 
of 70° reached as far as the nighttime 
sky. Through a telescope, the nucleus appeared like a planetary disk, 
10" in diameter. 

With every day that passed, the comet, now receding from the Sun, 
shifted its position and gained in contrast in the evening sky. On 3 
and 4 March it was a spectacular sight with two very narrow straight 
tails; while the gas tail measured 25° long, the dust tail reached 65°. 
What was striking about the appearance of the March Comet was the 
very tiny head when compared with the long tail. Through a telescope, 
the nucleus, looking like the disk of a planet, showed a golden colour, 
and distinct jets in the direction of the tail. 

The extremely long, narrow tail remained visible over the next few 
days. On 9 Marcha length of 60° was reported. Appearing extremely 
bright, despite a Full Moon, the comet looked like a fine cirrus cloud 

— nowadays it might well be compared to a condensation trail. It was 
divided into two, with a very narrow interior angle, scarcely 2° wide. 

Tail-lengths of 35° to 60° were observed until the middle of March. 
At the end of March, the comet suddenly became significantly faint- 
er. The tail-length still amounted to more than 30°. Wilhelm Bessel 
thought that the comet had ‘lost its power to grow any hair’. The last 
sighting with the naked eye dates from 1 April - the March Comet 
was a magnificent sight for just a month. Thomas Maclear saw the co- 


met for the last time, telescopically, from near Cape Town. 


Background and public reaction 


The Great March Comet of 1843 was called the ‘comet of the century 
by contemporary witnesses. It was far more impressive than Comets 
Flaugergues and Donati. In 1849, John Herschel described it as “by far 
the most remarkable comet of the century”. Nowadays, however, we 


must give equal weight to the comets of 1861 and 1882 at the very least. 
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The particular feature of the Comet of 1843 was the very bright 


and simultaneously very long and extremely narrow tail. It measu- 
red more than 350 million kilometres in length, and still retains the 
record for the length ofa comet's tail. The naturalistic representations 
and watercolours by Charles Piazzi Smyth, who was working at the 
Cape of Good Hope when the comet appeared, are the most impres- 
sive reproductions of this apparition of a comet. 

The conspicuous nature of the comet in the daytime sky was also 
unequalled. Whereas in most cases comets in the daytime sky require 
the use of optical aids or, at the very least, that the Sun should be hidden 
for them to be seen, the Great March Comet was so bright that it could 
be seen alongside the Sun. The great excitement that it caused among 
the general populace in Europe on 28 February, is one sign of this. 

The comet also played an ignominious role. In the USA, William 
Miller, a farmer from New England, had predicted the end of the world 
and Christ’s return for about the year 1843, based on extensive Bible 
studies. Miller had acquired a considerable following in America af- 
ter 1831 from his prophecies. His followers were several tens of thou- 
sands of ‘Millerites’.. Miller himself avoided giving a specific date. He 
said that ‘heavenly signs’ would appear, to announce the Second Co- 
ming. Nevertheless, the date of 3 April 1843 was eventually circu- 
lated by one newspaper. 

When the Great March Comet appeared, hysteria erupted among 
Miller’s followers. They saw the comet as the sign and proof of the ac- 
curacy of his teaching. Nevertheless, April passed and nothing hap- 
pened. A new date surfaced, which was accepted by most of the Miller- 
ites are the final, correct date — but the end of the world did not arrive 
on 22 October 1844. Despite this the day went down in history as the 
‘Great Disappointment’. Miller’s followers dispersed, but from the rem- 


nants various Adventist groups formed, which are still active today. 


Vv The Comet over Cape Town on 9 Mar. 1843 (below, left)andnear A The Great March Comet during its maximum brightness, as it 


the Sun above Table Mountain on 28 Feb. 1843 (below, right). Oil appeared from Europe. Anonymous 
paintings. Charles Piazzi Smyth 








The Great March Comet of 1843 over Aldridge Lodge in Tasmania. Mary Morton Allport 


¥ Comet Donati 1858 


o comet seems to have ever been depicted more frequently in art. Donati’s Comet of 1858 unleashed 
a wave of comet romanticism. No more beautiful comet appeared in the whole of the nineteenth cen- 
tury. The fact that its great brightness was displayed away from the Sun in the night sky also contri- 
buted to this, as well as it being high in the sky over Europe. Donati’s Comet was also the first comet ever to be 


photographed, and was thoroughly investigated scientifically. 
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Donati's Comet over Markree, Ireland. Lithograph. Unknown artist 
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Number: 16 

Designation: C/1858 L1 Donati 
Old designation: 1858 VI 
Discovery date: 2 Jun 1858 
Discoverer: Giovanni Battista Donati 
Perihelion date: 30 Sep 1858 
Perihelion distance: 0.5785 AU 
Closest Earth approach: 10 Oct 1858 
Minimum Earth distance: 0.5378 AU 
Maximum magnitude: -—0.5 

Maximum tail length: 40° 

Longitude of perihelion: 129.1° 

Longitude of ascending node: 167.3° 

Orbital inclination: 117.0° 
Eccentricity: 0.99629500 


Orbit and visibility 


Donati’s Comet was discovered in the evening sky. When discovered 
on 2 June 1858, it was in the constellation of Leo, near the head of the 
mythological lion. Initially, the apparent motion was small, because the 
comet was moving towards the Earth. It slowly moved north and then 
east. This caused the conditions for visibility in the evening sky to de- 
teriorate because the Sun was continuously getting closer. The mini- 
mum distance from the Sun, at 18°, came on 10 August. 

On 1 September, the comet was in the constellation of Leo Minor and 
shortly afterwards passed into the southern reaches of Ursa Major. In 
doing so, it could be seen in Central Europe both in the evening and 


in the morning skies. At the end of September, the apparent motion of 
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the comet against the sky increased. It passed across Canes Venatici in 
a south-easterly direction. At perihelion it was nearly 40° north of the 
Sun — as such it was hardly visible from the southern hemisphere, but 
for northern latitudes, however, this position was ideal. The comet was 
now primarily an evening object. 

The phase of greatest brightness which then followed until closest ap- 
proach to Earth on 10 October, took Donati’s Comet into the constella- 
tion of Bootes. On the evening of 5 October the comet passed the prin- 
cipal star in BoGtes, Arcturus, at a distance of just 20’ It continued on 
its way southeast, between Serpens, Libra and Ophiuchus. On 20 Oct- 
ober, Donati’s Comet passed Antares and Venus. The tail had changed 
direction and was no longer pointing north, but instead was parallel to 
the horizon for Europe, and directed towards the east. 

This brought an end to visibility in Central Europe, but southern- 
hemisphere observers were favoured for the final stages. At the end of 
November and beginning of December, the comet passed in front of 
the Milky Way in Scorpius, and continued on its path southeast. The 
last observations were obtained in the constellation of Tucana in the 


southern sky. 


Discovery and observations 


On 2 June 1858, the Italian astronomer Giovanni Batista Donati, work- 
ing at the Florence Observatory, found a small nebula about 3’ in dia- 
meter. Overall, he found five comets, but this was to be his brightest 
find, which soon led to his name being known everywhere. 

At discovery the magnitude of the comet was 7 or, according to some 
sources, only 10. The magnitude increased only in August, but the 
comet was, however, closer to the horizon than previously. When, at 


the end of the month, the Sun was farther from it, the first naked-eye 
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sighting arrived from Karl Bruhns in Berlin. The comet had a mag- 
nitude of 4 and showed a tail 0.5° long. 

During the course of September, the magnitude increased signifi- 
cantly. At the beginning of the month it was still estimated at 3, but by 
the middle of September it was already 1. Over the same period, the 
length of the tail increased to 7°. According to Heinrich Schwabe, the 
tail appeared ‘striped’. At the end of the month, it already measured an 
imposing 25°. On 29 September, the Austrian astronomer A. Reslhu- 
ber from Kremsmiinster gave a description: “The tail, 20 degrees long, 
on its own, reached up into the night and was clearly visible when the 
comet was at its lowest (10° below the horizon).” 

At the end of the month the magnitude was about 0. As September 
turned into October, six to seven shells, known as envelopes, could 
be seen around the comet. According to Julius Schmidt they occur- 
red at intervals of 4.27 hours. At the beginning of October, Donati’s 
Comet was seen in all its splendour in the night sky. The magnitude 
amounted to between 0 and -1. A bright, curved, dust tail stretched 
across the sky. From Dorpat (now Tartu, in Estonia) Johann Heinrich 
Madler wrote: “The tail, which exhibited a lengthwise split from the 
head, so that only the outer portions formed a simple trail, reached n 
Ursae Majoris, was therefore 24° long.” On 22 September, Madler, in 
Dorpat, succeeded in seeing the comet in the daytime sky with the 
9-inch Fraunhofer telescope. On 4 and 5 October, Bruhns in Berlin 
(using a 10-inch refractor) and George Bond at Harvard Observatory 
(with a 15-inch refractor) did the same. At the time, only the region 
around the nucleus was visible. 

The comet’s tail was fascinating. The length of the dust tail rose from 
about 25° on 1 October to 40° on 10 October. It was about 5 to 15° wide. 
Two parallel tail-streaks occasionally ran through it. The gas tail was 
considerably fainter, but up to 40° long. The English amateur astro- 
nomer William Smyth declared that it was “one of the most beautiful 
objects that I have ever seen’. The passage by Arcturus occurred pre- 
cisely during the phase of maximum brightness on 5 October. The co- 
met then appeared somewhat brighter than the star. This encounter 
was captured in numerous views and drawings. 

The gas tail was no longer visible after the middle of October. The 
striking envelopes around the nucleus vanished, and the dust tail fa- 
ded visibly. Around 20 October, the magnitude was then 3.5, and the 
tail was still 5° long. Donati’s Comet could be followed with the naked 
eye until November 1858. The last observation was secured by Wil- 
liam Mann at the Cape of Good Hope on 4 March 1859. 


Background and public reaction 


Donati’s Comet was undoubtedly the most observed comet of the 
nineteenth century. Its favourable orbit for Europe, in the northern 
sky and with a perihelion position far north of the Sun, contributed 
to this. The comet's great brightness was thus displayed under dark 
skies. In addition, widespread good weather at the peak of its visibi- 
lity at the end of September and the beginning of October also play- 
eda large part. 


C/1858 Llis considered to be the most beautiful comet of recent 
times. In particular, the classic, slightly curved dust tail and the nar- 
row gas tail have contributed to this opinion. Donati’s Comet appeal- 
ed to artists enthusiastic about nature, who dedicated themselves to 
romantic themes. Numerous painters took the comet as their subject 
and depicted it in paintings and drawings. 

Scientific drawings were prepared, above all, by George Bond in the 
USA. He documented the changeable structures around the cometary 
nucleus. Donati’s Comet was, however, also the subject of the first co- 
metary photograph. On 27 September, William Usherwood at Walton 
Common, near Reigate, Surrey, took a seven-second exposure of the 
nucleus with an f/2.4 lens. However, hardly anything was visible on 
the picture. The first telescopic comet photograph, which Bond took 
on 28 September, was not much better. Here the exposure was six mi- 
nutes with the 15-inch refractor. 

The appearance of Donati’s Comet was preceded by hysteria. The 
noted English astronomer John Russell Hind had, from his own cal- 
culations, identified the comets of 1264 and 1556 asa single body. He 
predicted a return for 1857 and calculated that the comet would col- 
lide with the Earth on 13 June 1857. This led to great insecurity among 
the general public, particularly in Paris. It turned into a panic, and the 
sale of ‘comet clothing’ and ‘comet safeguards’ flourished. The confes- 
sionals in the Paris churches were full all day long. Nowadays, the co- 
mets of 1264 and 1556 are considered to be separate bodies. 

Donati’s Comet had a tail-length of about half the separation be- 
tween the Earth and the Sun, and was thus about 75 million kilometres 
long. In 1979, Fred Whipple succeeded in drawing conclusions about 
the rotation period of the nucleus from old drawings and notes. He 


found a period of 4.62 hours. 


Donati's Comet over the Observatory in Cambridge on 11 Oct. 1858. 
W. H. Smyth 
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Typical views of the Comet were wide- 
ly copied and incorporated in scenes 
of major European cities (left: Florence, 


below: London and Paris). They show 





the Cometas it passed the star Arcturus. 
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A Numerous artists depicted the Cometin paintings.H.Griesbach A The Cometon 10 Oct. 1858. Etching. Cornelis van der Grient 


(top), J. Poole (centre), anonymous (bottom) 








Comet Donati not only displayed a fascinating overall view on 4 Oct. 1858 (opposite above), but also impressive fine detail within 
its head (opposite below undated, above 2 Oct., below 10 Oct. 1858). G. P- Bond 





¥ Comet Tebbutt 1861 
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The Great Comet of 1861, Comet Tebbutt. EF. Weis 


mong the great comets of the nineteenth century, it was the greatest. Comet Tebbutt, discovered by 
an Australian amateur, was so bright that, according to eye-witness reports, it cast shadows. At the 
same time the tail showed the immense length of up to 120° and was extraordinarily wide and bright. 
Favourable orbital conditions brought the comet near to the Earth, and at the same time the Sun did not inter- 


fere with the spectacle. 


Orbit and visibility lay almost at right-angles to the Earth’s orbit. Closest approach to Earth 
occurred halfa month after perihelion. 

The impressive appearance of Comet Tebbutt in 1861 may primarily be When young John Tebbutt found his Great Comet in May 1861, it 

linked to its close distance to the Earth. The small value of merely 19 was in the constellation of Eridanus, in the southern portion of the 

million kilometres is a little greater than that of Comet Hyakutakein constellation, difficult to see from European latitudes. The position, 

1996. The comet's path in the sky also resembles that of Hyakutake. It south of the Sun, made it impossible to see the comet from northern 
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Number: 17 
Designation: C/1861 J1 Tebbutt 
Old designation: 1861 Il 
Discovery date: 13 May 1861 
Discoverer: John Tebbutt 
Perihelion date: 12 Jun 1861 
Perihelion distance: 0.8224 AU 
Closest Earth approach: 30 Jun 1861 
Minimum Earth distance: 0.1326 AU 
Maximum magnitude: —3 

Maximum tail length: 120° 
Longitude of perihelion: 330.1° 
Longitude of ascending node: 280.9° 
Orbital inclination: 85.4° 
Eccentricity: 0.98507000 


latitudes, and it remained a purely southern object until shortly be- 
fore closest approach to Earth. 

The comet was initially visible in the morning sky. In June, its mo- 
tion accelerated considerably, and it rapidly moved north in the sky. 
At the end of June, its path took it west of Orion in Taurus. In doing 
so, it first became visible in Europe and North America on 29 June. It 
remained west of the Sun, so was visible in the morning sky. 

On 30 June, the comet reached the closest point to Earth on its or- 
bit. It was then in Auriga, north of the Sun, and was visible through- 
out the night to viewers north of latitude 50° north. At the same time 
the Earth passed through the tail of the comet, which was 50 million 


kilometres long. 


In subsequent days the comet passed farther north into the con- 
stellation of Lynx. In the first week of July, C/1861 J1 passed over the 
top of Ursa Major. As it did so, the tail swung round, on 11 July, from 
a westerly direction to an easterly one. At the end of July the comet 
crossed into the constellation of Bodtes. Because it was no longer at 
high northern declinations, it returned to the evening sky. 

In November 1861, Comet Tebbutt was located in the constellation of 
Hercules, by March 1862 it was in Cepheus, where it was last seen. The 
comet's period was, according to Kreuz, 409 years. The Japanese comet 
researchers Ichiro Hasegawa and Syuichi Nakano identified Tebbutt 


with a comet seen in 1500, and they have predicted a return in 2265. 


Discovery and observations 


C/1861 J1 was discovered on 13 May 1861 by the 26-year-old Austra- 
lian amateur astronomer, John Tebbutt, observing near Windsor just 
outside Sydney. Tebbutt initially thought that it was a nebula, becau- 
se the object did not move. He was able to re-observe the ‘nebula’ on 
17 May, and could not determine any motion. It was only on 21 May 
that any change of position became evident. This ‘strange’ behaviour 
was caused by the comet's path, which was more-or-less directly to- 
ward the Earth. 

As early as the end of May, the comet was visible to the naked eye 
from Australia. At the beginning of June the magnitude was already 
2, and a tail 3° long was visible. The brightness subsequently increa- 
sed significantly. On 8 June the comet was already so bright that it re- 
mained visible 40 minutes after sunrise. The tail measured 18°, and by 
20 June was 40° long. This was joined by a second, 5° tail. 

When the comet became visible in Europe on 30 June, Tebbutt’s dis- 


covery report had not yet arrived. By this date, the head of the comet 





LSS 


was Visible above the horizon both in the morning and in the even- 
ing. The tail stretched across half the sky from Auriga to Aquila. The 

German astronomer, Julius Schmidt, the director of the observatory 
at Athens, described the view: “The dull yellowish-red head, the size 

of the Moon, was very close to the horizon; the tail, curving down- 
wards, shining widely, and immediately compared by all the obser- 
vers present to the distant glow of a considerable fire, initially poin- 
ted towards the Pole Star, and could, with ease, be distinguished over 
a distance of 120 degrees.” Schmidt compared the magnitude of the 

head to that of Jupiter, and spoke of a ‘shining tail that cast shadows’. 
The magnitude must therefore have been greater than -2. 

The nucleus of the comet measured about 3' in diameter. In small 
telescopes there were already up to six nebulous shells (envelopes). In 
the extremely wide tail, fanning out from the head over an angle of 
80°, numerous dark rays could be seen. Its colour, however, was whi- 
te, but greenish tints were also reported. When the head was below 
the horizon, a few observers mistook it for an aurora. East of the main 
tail, a second tail was visible, about 30° long. 

On | July the magnitude amounted to about -2. The tail was seen 
to be at least 70° long, but was, however, smaller than the day before. 
On 2 July the magnitude had decreased to 1. But the length of the tail 
was now reported to be 100° to 120°. On 3 July, the length observed 
was similar. 

In the following days, decreases in brightness and tail-length were 
observed, but until 7 July the appearance of the comet was extreme- 
ly striking. With a magnitude of 2 it was still impressive, and the tail 
fanned out over 50° of the night sky. Through a telescope the nucleus 


showed distinct jets and envelopes. 
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By the middle of July the magnitude had declined still further, and 
amounted to 3. The length of the tail shrank to 12°. In August, the tail 
still remained clearly visible, but had shortened to 2.5°. The magnitu- 
de of the comet fell to 5. 

Telescopically, Comet Tebbutt was visible until well into 1862. The 
last observation from the Pulkova Observatory in St Petersburg dates 


from 30 April, when the comet had a magnitude of only 14. 


Background and public reaction 


Extreme lengths of the tail and great brightness do not occur simulta- 
neously in most comets. Because of its orbital geometry, which brought 
it close to the Earth, while the comet did not pass particularly close to 
the Sun, Comet Tebbutt was an exception. John Herschel stated that 
Comet Tebbutt “exceeded all other comets that I have seen in bright- 
ness, even those of 1811 and 1858”. 

Unlike the case with Comet Halley 50 years later, the Earth’s passa- 
ge through the tail of the comet did not cause any mass panic. In Eng- 
land and Australia, luminous effects in the sky similar to aurorae were 
noticed when this occurred. These sightings are, however, nowadays re- 
garded as uncertain, because the observers were biased by their expecta- 
tions to see something during their passage through the tail. 

Schmidt observed periodic fluctuations in the length of the tail with 
a period of 25.6 days and in the diameter of the coma with a period of 
25.4 days. Pulsations of the nucleus were also reported, but these were 
probably only caused by scintillation in the atmosphere. What were 


real, however, were observations by Fyodor Bredikhin of rotating jets 


from the cometary nucleus on 30 June. These showed for the first time 
that these bodies rotated. 


This sketch of 30 Jun. 1861 
clearly shows the extent of the 
tail. The constellation of Cas- 
siopeia may be seen top right, 
below right is the star Capella, 
and at the top edge of the pic- 
ture is the Pole Star. 

F. Chambers 








These chart sketches show the apparent path of the co- 
met between the 30 Jun. and 9 Aug. 1861 (above). The de- 
tailed view of the head (below left) is from 30 Jun. 1861, 


and the view (below right) is of unknown date. 





¥ Great September Comet of 1882 


ts extreme values remain unsurpassed to this day. C/1882 R1 was, with its estimated magnitude of -17, the 
brightest comet of modern times. It was so bright that it could be seen without difficulty directly next to 
the Sun in the daytime sky. Its brilliance was caused by its extreme proximity to the Sun, as it approached 
to a distance of less than one million kilometres. Subsequently, it developed an impressive, bright tail, which 


spread magnificently across the southern sky. 





A The Great September Comet on 6 Oct. 1882. L. Weinek 
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Number: 18 
Designation: C/1882 R1 
Old designation: 1882 Il, 1882b 
Discovery date: 1 Sep 1882 
Discoverer: Unknown 
Perihelion date: 17 Sep 1882 
Perihelion distance: 0.0078 AU 
Closest Earth approach: 17 Sep 1882 
Minimum Earth distance: 0.9773 AU 
Maximum magnitude: —17 
Maximum tail length: 20° 
Longitude of perihelion: 69.6° 
Longitude of ascending node: 347.7° 
Orbital inclination: 142.0° 
Eccentricity: 0.99989400 


Orbit and visibility 


With a distance from the Sun of less than one million kilometres, the 
Great September Comet of 1882 was a perfect example of a sungra- 
zer. The extremely close approach to the Sun was not only responsi- 
ble for its great brightness, but also for the impressive development of 
the tail. Because of the small perihelion distance, the closest approach 
to Earth nearly came at the same time as perihelion. 

At the time of the first sighting at the beginning of September 1882, 
C/1882 R1 was south of the Head of Hydra. As such it was visible in 
the morning sky, where the position was somewhat better for obser- 
vers in the Earth’s southern he- 
misphere than for those of the 
northern hemisphere. 

From Hydra, in the first two 
weeks of September, the comet 
moved directly towards the Sun, 
which was between Leo and 
Virgo. However, as it neared the 
Sun, the visibility conditions 
significantly worsened. 

On 17 September the double 
conjunction with the Sun took 
place. To begin with, the comet 
passed in front of (transited) the 
Sun over a period of one hour, 
seventeen minutes. The comet 
then moved away from the Sun, 
but turned back at a maximum 
distance of only 27', and approa- 
ched the Sun again. The second 
encounter then occurred, in 


which the comet was eclipsed by 


the Sun for just about two hours. This unusual transit and eclipse 
took place one after the other on 17 September with just a few hours 
between them. 

After its dance around the Sun at perihelion, the comet moved south- 
west, which introduced its second period of morning visibility. The 
more southerly path than before perihelion caused significantly poor- 
er visibility for the northern hemisphere, and only in October could 
the comet be seen again ahead of the Sun. At southern locations the 
visibility in the morning twilight was, in contrast, significantly better. 

On | October, the comet had entered the constellation of Sextans, 
and on 11 October, Hydra. It continued in a south-westerly directi- 
on, and moved into Pyxis in December 1882. In doing so, C/1882 R1 
could now be observed throughout the night, however, it was only in 
southern Europe that it was high enough above the horizon. 

In January 1883, the comet passed through the ‘legs’ of Canis Major, 
deep in the winter sky. While its path turned north again in the di- 
rection of Orion, and it could be seen again from more northern reg- 
ions, the distance also increased considerably. In February and March, 
C/1882 R1 became an evening object, where, depending on latitude, 


it remained visible into June 1883. 


Discovery and observations 


When the first observations of the Great September Comet took place 
on 1 September, from central and southern Africa, C/1882 R1 was al- 
ready a gloriously bright object. An unnamed Argentinian observer 
described it on 6 September as ‘as bright as Venus, with a bright tail’. It 


can now no longer be established who first saw the comet. Based on its 
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brightness, it was probably the case that many individual people saw 
the comet at about the same time in the morning twilight. 

A week after the first sightings, the South-African astronomer Wil- 
liam Finlay first saw the comet. He estimated the magnitude of the head 
at 3, but the overall brightness must have been considerably greater. At 
this period a tail of about 3° in length was already visible. 

By the 12 September the comet had become so bright that it could be 
followed until sunrise. On the following day its brightness was comp- 
ared with Jupiter, so it was already at a significant negative magnitude. 
The tail was then 12° long. In the following days, despite its decreasing 
distance from the Sun, it ever more easy to see the comet. 

On 17 September at perihelion the comet was finally visible in the 
daytime sky. As such it appeared right next to the Sun ‘so bright, that a 
glance at the Sun showed the comet without any need for a search’. The 
comet was much brighter than Venus, and could even be seen through 
thin cloud in the daytime sky. Its rapid motion past the Sun was noticed 
even by laymen. 

At this phase C/1882 R1 was probably the brightest comet in hist- 
ory. It was certainly the brightest of modern times. With its estimated 
magnitude of between -15 and -17 it was even visible through a solar 
filter. Finlay described the appearance: “The silvery light of the comet 
formed an impressive contrast with the reddish-yellow light from the 
Sun.” William Elkin observed the comet until it disappeared at the so- 
lar limb and started to transit the Sun. He only lost the comet right at 
the ceaselessly fluctuating limb of the Sun. 

When in front of the Sun the comet was not visible. After the eclip- 
se that followed the transit, the comet was again visible with the naked 
eye on 18 September near the Sun. At the time of eclipse it displayed a 
tail 0.5° long. At this period it was also perceived by a wide section of 
the general public. The magnitude amounted to about -10. 

In the following days the comet again emerged into the morning sky 
and displayed the most spectacular phase of its visibility. Until 20 Sep- 
tember, the comet remained visible in the daytime sky. In the mean- 
time, the tail had lengthened to 5°, and on 22 September was even seen 
at 12°. It now became longer day by day, and eventually reached 20° Its 
width was, however, only 1° and because of its slight curvature it gain- 
ed an elegant aspect. It remained visible, maintaining this shape, un- 
til the end of October 1882. The comet’s magnitude at the change from 
October to November was still an impressive 0.5. 

On 27 September, Edward Emerson Barnard observed the consequen- 
ces of the close passage past the Sun. Through a 5-inch telescope and 
with a magnification of 78x, the nucleus of the comet appeared elon- 
gated. On 2 October it was already egg-shaped, and on the following 
day, it divided. On 5 October, three fragments of the nucleus were visi- 
ble. In subsequent days, additional portions of the nucleus became vis- 
ible, which by 10 October had become aligned into a straight line with 
an apparent length of 22°. On 15 October five, and later six, nuclei were 
seen, which offered a changing appearance from night to night, and 
which appeared like a ‘string of pearls’. 

In the middle of October, C/1882 was still at magnitude 1.0. Telescopic- 


ally, five to six nebular shells, known as envelopes, were visible around 
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the nucleus. The innermost of these began in the elongated, multi-cored 

centre of the comet. From the end of September, a faint luminosity could 

be detected around the comet’s tail, and which was not curved like the 

main tail but was straight. It appeared brighter at its edges, dark in the 

centre, and was most striking in October. An anti-tail appeared to de- 
velop out of this luminosity, but both phenomena had disappeared by 
17 October. 

On 5 October, a patch of nebulosity, detached from the main portion 
of the comet, was seen for the first time. It could only be detected under 
very dark skies and was 1.5° away from the main body, but rapidly re- 
ceded. On 10 October it appeared like a faint second comet. In the fol- 
lowing days, Barnard was able to make out a total of six further objects, 
like individual small comets. On 14 October they were up to 6° away 
from the main comet. 

In November, the tail still measured 20° long. Its specific shape, con- 
sisting of two unequal arms, resembling the Greek letter y (gamma), 
persisted until the middle of December 1882. At the turn of the year, 
the length of the tail was still more than 10°. At that period, several nu- 
clei were still visible through a telescope. 

In February 1883, the comet’s magnitude was between approxima- 
tely 5 and 6. A tail 5° long was still visible to the naked eye. The comet 
could be seen without any optical aid until the beginning of March. The 
last observation of 1 June came from the Argentinian astronomer Juan 
Thome. Benjamin Gould noted that the comet “could no longer be ob- 
served, not because of a lack of brightness, but because of its low alti- 
tude in the twilight”. 


Background and public reaction 


The magnitude of the Great September Comet of 1882, of between 

—15 and -17, has never been exceeded by any comet up to the present 
day. C/1882 R1 is considered to be one of the brightest comets in his- 
tory. It is the prototype for a sungrazer and, like Comet Ikeya-Seki 
in 1965, is included in the Kreutz Group, which must have formed 
froma single parent object that fragmented around the year 371 BC. 
One piece of it may be identical with the Comet of 1106. 

In 1880 and 1887 two more sungrazers appeared, which attained 
even smaller perihelion distances than that of the Great September 
Comet. Both were similarly placed in the Kreutz Group, but in ano- 
ther sub-group, however, from C/1882 R1. They went down in his- 
tory as ‘Great Southern Comets’, because, during their periods of 
best visibility, they were in the southern sky. However, neither came 
anywhere near the brilliance of the Great Comet of 1882. Despite its 
extremely close approach to the Sun and the fragmentation of its nu- 
cleus, the Great September Comet survived perihelion and remained 
a bright object for a long time. The orbital periods of the fragments 
were calculated at 671 to 955 years, whereas the main comet should 
return in 773 years, if it has not disintegrated in the meantime. 

C/1882 R1 is the first comet for which successful photographs 
have survived. Among these are the famous images that David Gill 


succeeded in obtaining from the Cape of Good Hope. Between 20 


October and 15 November, he photographed the comet with a 60- 
mm portrait lens, mounted piggyback on a telescope. The exposure 
times ranged from half-an-hour to over two hours. Gill was so fas- 
cinated by the many stars shown that, using this arrangement, he 
began the Cape Photographic Durchmusterung, the first photogra- 
phic star catalogue. 

On 18 September, L. Thollon and A. Guoy, during a daylight obser- 
vation from Nice, were able to detect the Doppler effect in the double 
line of sodium, which had, shortly before, been identified for the first 


time in comets. The shift in the spectral lines enabled them to de- 


rive a velocity of 61 to 76 kilometres per second away from the Earth. 





— “ee as 


fae en 


x 
oth 
Pp Hue Serf 






¥ av: - 






"Wa" tag 





Four months before the Great September Comet, another comet 


caused a furore. At the observation of the solar eclipse of 17 May 
1882 in Egypt, X/1882 K1 became visible during the phase of total- 


View of the Great September Comet at the time of its greatest _ity. Shortly afterwards it crashed into the Sun. A. Schuster (above), 





brightness. Anonymous anonymous (top) 
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This photograph of the comet on 14 November 1882 is among the first successful comet photographs ever taken. David Gill 


< The Great September Comet 

during the phase of its maxi- 
mum brightness on 13 Septem- 
ber 1882 above the pyramids in 

Egypt. Garnet Wolseley 
































- ‘i i bi 
Mi] I rit {Nt 


< Aseries of photographs taken 
at the Royal Observatory at the 
Cape of Good Hope. 

David Gill 





< The head of the comet according toa 


contemporary drawing. Anonymous 





¥ Great January Comet of 1910 


n January 1910, the whole world awaited the widely announced return of Halley's Comet. But sudden- 


ly a new comet burst onto the celestial scene, which stole the show from the famous example. The Great 


January Comet of 1910 was both brighter and better to see than Halley, which arrived three months later. 


Many people, who later thought they remembered the impressive sight of Comet Halley had, in reality, seen 


the Great January Comet. 





One of the few photographs obtained of the Great January Comet of 1910. Unknown photographer 


Orbit and visibility 


The Great January Comet of 1910 was discovered five days before its 
perihelion passage. At that time it was in the constellation of Sagitta- 
rius, 12° south of the Sun, and was thus invisible to observers in the 
northern hemisphere. Observers located in the south could, however, 


see it in the morning sky. 
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On 18 January, the comet passed north of the Sun at a distance of 
just 2.8°. In the following days it thus passed into the evening sky for 
the northern hemisphere. In doing so, it moved from Capricornus into 
Aquarius. Somewhat farther to the east in Aquarius was the bright pla- 
net Venus, as the ‘Evening Star’. The comet moved rapidly north, so 
that visibility conditions significantly improved in European skies. As 


January changed into February 1910, it crossed the border of the con- 








Number: 19 
Designation: C/1910 A1 
Old designation: 1910 I, 1910a 
Discovery date: 12 Jan 1910 
Discoverer: Unknown 
Perihelion date: 17 Jan 1910 
Perihelion distance: 0.1290 AU 
Closest Earth approach: 18 Jan 1910 
Minimum Earth distance: 0.83 AU 
Maximum magnitude: =—5 
Maximum tail length: 50° 
Longitude of perihelion: 320.9° 
Longitude of ascending node: 90.0° 
Orbital inclination: 138.8° 
Eccentricity: 0.99999500 


stellation of Pegasus. The bright Moon interfered with observations 
at the end of January. In February and March, the comet moved west, 
past the Great Square of Pegasus, and then northwest into the Milky 
Way, where all trace of it was lost in July 1910. 

Nowadays, the Great January Comet of 1910 is regarded as being a 
‘fresh’ object from the Oort Cloud on its first visit to the inner Solar 
System. C/1910 Al has an extremely long, extended orbit. Its return 


is expected to be in about four million years. 
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Discovery and observations 


Mine-workers in South Africa were the first to discover the comet, 
already visible to the naked eye in the morning sky, at their change of 
shift. South-African railway workers also saw the comet. They took it 
to be Halley's Comet, which, however, at that time was in Aries and 
was considerably fainter, because it would only reach perihelion in 
May. Asa result, it was some days before professional astronomers ex- 
plained the confusion and the object was recognized as a new comet. 

On 17 January, the comet was so bright that during its passage past 
the Sun it could be seen with the naked eye as a ‘snow-white’ object. 
The magnitude was compared with Venus at its brightest, and must 
therefore have reached —5. On 18 January, the observatories at Vien- 
na, Rome, Algiers and Milan reported daylight sightings of the comet. 

In the following days the best visibility came in the evening sky. 
From 19 January the comet was visible as a very bright object. The 
overall magnitude that day amounted to about -2.5. The extremely 
bright dust tail had a slightly curved shape and a yellowish or red- 
dish tint. Its length was given on 20 January as 7°, on 22 January 
25°, and on 30 January as much as 50°. On 28 January, E. Silberna- 
gel from the Munich Observatory reported: “nucleus about magni- 
tude 1.5. Tail not particularly wide, but very long, however: at about 
half-8 [7:30] could be followed for about 50°. Towards the end it was 
bent towards the south and widened into a mist”. 

The pronounced markings on the tail by striae were particularly re- 
markable. A fainter gas tail formed after 26 January. In February, the 
beginnings of an anti-tail could be detected. But the comet's magni- 
ficence decreased just as rapid- 
ly as it had increased: at the end 
of the month the brightness ab- 
ruptly declined, and after 5 Fe- 
bruary the comet could no lon- 
ger be seen with the naked eye. 
By the middle of February, the 
magnitude was 6, and at the be- 
ginning of March just 8. The last 
sighting of the comet by Max 
Wolf from 15 July 1910 was re- 
ported at a magnitude of 16.5. By 


SS that time, C/1910 Al was already 


\ ata distance of 3.4 astronomical 


\ NAY 


units from the Sun. 
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Background and 
public reaction 


Atatime when Comet Halley had 

already been in the sky for sev- 
eral months and everyone was 
preparing for the comet’s close 
approach to Earth in May 1910, 
the Great January Comet appea- 
red as a completely unexpected 
harbinger of Comet Halley. It 
caused an exceptional increase in 
awareness, but also increased ex- 
pectations for Comet Halley. In 
the end, however, the famous co- 
met failed to reach the brightness 
and beauty of the Great Janua- 
ry Comet. Many contemporaries, 
who saw a bright comet in 1910, 
confused it in their memories 
with Comet Halley, which first 
became an object visible to the 
naked eye in April 1910, when the 
Great January Comet had alrea- 
dy vanished from unaided sight. 

The Great January Comet 
of 1910 is one of the comets 
that was visible for the shortest 
period with the naked eye. After 
perihelion, this lasted for a pe- 
riod of two weeks, in which the 
comet was a bright, impressive 
object for just one week. 

C/1910 Al was a very dust- 
rich comet, which promoted 
the formation of a beautiful tail. 
Spectroscopically, clear sodium 
emission was detected. The gas 
emissions, typical of comets, 
only began when the sodium ra- 


diation began to subside. 
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A View of the comet over the Berlin night sky at the end of January 1910. F. S. Archenhold 


Vv Detailed sketches of the head of the comet 
through the great telescope of the Treptow 
Observatory in Berlin. F. S. Archenhold 





‘¢ Comet Halley 1910 


Po 
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istorically, Halley’s Comet had often caused a sensation, but at no 


return had the eXcitement been so great as in 1910. At a time of en- 

maa OLUESE-Fy 00s oy am Keel ova Le) (oycavar-BaXe astronemy, when many people accept- . 
ed extraterrestrial life existed on Mars, and astrophysics was about to enlar- 
ge the picture and extent of the cosmos, the announcement that the Earth 
would pass through the tail of Comet Halley and its poisonous gases, pre- 
cipitated an unprecedented reaction. But the end of the world was cancelled 


and afterwards many were left disappointed at not having seen the comet. 
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Number: 20 
Designation: 1P/Halley 
Old designation: 1910 Il 
Discovery date: 11 Sep 1909 
Discoverer: Max Wolf 
Perihelion date: 20 Apr 1910 
Perihelion distance: 0.5872 AU 
Closest Earth approach: 20 May 1910 
Minimum Earth distance: 0.15 AU 
Maximum magnitude: —3 
Maximum tail length: 240° 
Longitude of perihelion: 111.7° 
Longitude of ascending node: 57.8° 
Orbital inclination: 162.2° 
Eccentricity: 0.9672968 


Orbit and visibility 


The recovery of Halley’s Comet occurred in the constellation of Ge- 
mini, not far from the star y Geminorum. After September 1909, the 
comet subsequently moved through the constellations of Orion and 
Taurus, which it reached in December. In doing so, during this ear- 
ly phase the comet was ideally placed, opposite the Sun in the dark 
night sky. 

In January 1910, the comet had entered the evening sky in the con- 
stellation of Aries. Until the 12 March it was visible there from north- 
ern latitudes. On 25 March it was overtaken by the Sun in Pisces, and 
was thus unobservable worldwide, being behind the daytime star. 

At the beginning of April, still in the constellation of Pisces, the 
second phase of visibility began in the morning sky. On 3 May, the 
comet appeared with Venus and the crescent Moon in the morning 
twilight. On 7 May it reached its maximum separation from the Sun 
during this phase of visibility with an elongation of 41°. Until 16 May 
there were passable observing conditions in the morning sky. 

After that Comet Halley rapidly approached its second conjunc- 
tion with the Sun. This time it was ahead of the latter and on 19 May 
around 05:00 Universal Time it passed in front of the Sun’s disk. In 
the evening and night of 19-20 May, the sight geometry was such that 
the tail was visible in both the evening and morning, because that 
day the Earth almost passed through the tail. The dust tail was then 
missed by about 300 000 kilometres, while the Earth actually pas- 
sed through the gas tail. 

During the remainder of May, the comet moved parallel to the eclip- 
tic through Taurus, Gemini and Canis Minor. In June it was south 
of Leo, and in July reached Sextans, where its evening visibility en- 
ded. In autumn 1910 it was visible in the morning sky in the constel- 
lations of Crater and Corvus. The last sighting showed it in the con- 


stellation of Sextans. 
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Discovery and observations 


Ever since Palitzsch’s master stroke in 1758, the recovery of Halley's 
Comet was regarded as a matter of prestige. It was obvious that a twen- 
tieth-century technique, photography, which had not been discovered 
75 years earlier, would be brought into play. The race was won by Max 
Wolf, one of the leading astrophotographers of the day. Using the 28- 
inch Waltz telescope at the Heidelberg Observatory on the Konigstuhl, 
on 11 September 1909, he exposed a photographic plate for an hour. The 
comet appeared on it as an object of magnitude 16. 

Later, the comet was also found on exposures that had been made 
earlier by the Helwan Observatory in Egypt on 24 August, and Green- 
wich Observatory on 9 September. The first visual sighting was obtain- 
ed by the American astronomer Sherburne Wesley Burnham with the 
40-inch refractor at the Yerkes Observatory in the USA on 15 Septem- 
ber. At the time the comet was still faint, at magnitude 15.5. 

The magnitude rose to 12 by the middle of November and to 10 a 
month later. In February 1910 it was 7. Max Wolf was the first to see 
the comet with the naked eye on 11 February, but no other observer 
apparently succeeded in doing so before the first passage past the Sun. 

After solar conjunction at the beginning of April, Halley's Comet 
was initially visible only telescopically. It was towards the middle of the 
month before it could be detected with the naked eye. At first, it appear- 
ed as a reddish star’, probably because of its location very close to the 
horizon. However, the magnitude rose over the course of the month 
to 2. The tail could be seen to a length of 2.5°. At the beginning of May 
this value increased continuously. Edward Emerson Barnard estima- 
ted the length of the tail, under dark skies, as 18° on 17 May, 53° on 14 
May, and an unbelievable 120° on 18 May, immediately before passage 
past the Sun. From the Sonnwendstein (altitude 1523 metres) in Lower 
Austria, a length of 32° was determined on 12 May, 83° on 17 May and 
140° on 19 May. At this period the comet was, overall, at its most con- 
spicuous. It was eye-catching alongside Venus, with the tail stretching 
upwards like a finger. 

On 11-12 May, the first magnitude outburst occurred, which took the 
total magnitude to 1. This value for the comet’s magnitude also persist- 
ed when it moved on towards the spectacular solar conjunction and the 
subsequent passage of the Earth’s orbital plane. 

The transit in front of the Sun itself, could obviously not, despite many 
assertions to the contrary, be observed. The comet was indeed seen in 
the daytime sky shortly before and shortly after, with the assistance of 
small optics, if the Sun itself was hidden. As such, the magnitude must 
have been much brighter than the value of 0 that is generally quoted. 
Estimates speak of up to —6, which is undoubtedly significantly too 
great, and the value is more likely to have been about -3. This greatly in- 
creased magnitude in the days around solar passage may be explained 
by forward scattering of sunlight by the cometary particles. This effect 
was fostered by the Earth’s passage through the tail in subsequent days. 
Nothing of this was, however, noticed by the general public. 

The threatened passage of the Earth through the tail had no con- 
sequences, although Max Wolf believed that he had noticed ‘marked 


cloudiness’ by cirrus and reported a particularly intense twilight —- and 
other observers gave similar reports, but none of them can be shown to 
be linked to the comet. 

The location of the Earth on 20 May had another consequence, how- 
ever. The comet's tail could be seen in both the morning and evening 
skies. According to Eugene Antoniadi, the total length of the comet's 
tail was then 240°. There are even a few sightings that suggest a com- 
plete, full span of 360°. This is feasible, on the basis of the scattering of 
light by the tail particles in the antisolar direction, when the Earth was 
in the tail itself. Such observations would, however, only be possible 
under a very dark sky. 

In the days following when the comet was again in the evening sky, 
the tail-length decreased from 140° on 20 May to 65° on 26 May. In 
doing so, the tail rapidly became fainter, and could be distinguished 
only from dark sites. On 23 May there was a lunar eclipse over Amer- 
ica, during which the comet was seen. 

The value for the overall magnitude also decreased rapidly from 2 
to about 6 on 1 July. After 30 May there was a further outburst, which 
was linked to a split in the nucleus, which the Fabra Observatory in 
Barcelona was able to photograph on 2 June. It was probably also be- 
cause of this event that astonishingly large tail-lengths remained vis- 
ible for such a long time. At the end of May, 50° was reported, and 15° 
even as late as 9 June. 

Without optical aids, the comet could be seen until June 1910. The 
last visual sightings date from 1911. The last photograph was success- 
fully obtained by Heber Curtis on 16 June 1911, at a magnitude of 18. 


Background and public reaction 


The excitement that accompanied the turn of the century still reverbe- 
rated at the time of Comet Halley’s return in 1910. It came at the time 
of Mars hysteria, inflamed by the martian ‘canals’ of Giovanni Schia- 


parelli of 1877, and re-ignited by Percival Lowell at the beginning of 


> 


the twentieth century. The appearance of a comet had a lasting effect 
for decades, and was the trigger for numerous works of science fiction. 

Halley’s Comet reflected the anxieties about the past and also about 
the future that were linked to comets. When the British king, Edward 
VII, died in May 1910, the event was quickly linked to the comet. The 
simultaneous warning of a meteor storm, on the other hand, was a re- 
flection of the scientific results of the nineteenth century, which had 
established a link between comets and meteors. 

The Earth’s passage through the tail of Halley's Comet engendered 
major fears. After cyanogen had been detected in Comet Morehouse 
in 1908, a lot of people were afraid of the deadly hydrocyanic acid 
(prussic acid) that might enter the Earth’s atmosphere. After cyano- 
gen was observed spectroscopically in Comet Halley at the end of 1909, 
this unleashed a wave of hysteria, particularly in France. Sales of gas 
masks and bottles of oxygen flourished, and at the peak of the pan- 
ic on 18 May there were even isolated cases of suicide. There was dis- 
quiet elsewhere as well: mine-workers in Pennsylvania refused to enter 
the mines; and in other parts of the USA ‘comet pills’ were best-sell- 
ers. Yet poisonous hydrogen cyanide is present in comets in extremely 
low amounts, and any influence of the tail on the Earth’s atmosphere 
may be essentially neglected — at any rate, effects cannot be establish- 
ed. Many enlightened contemporaries made fun of the comet fears. 
In Germany, for instance, postcards with a comet theme and captions 
such as “The Comet is Coming, the End is Nigh’ sold like hot cakes. 

Overall, the general public was disappointed in the sight of Comet 
Halley. The Great January Comet, with its impressive appearance had 
stolen the show at the beginning of 1910. Furthermore, bad weather 
prevented observations in Europe. At the ‘End of the World’ on 18 
May the comet was, in any case, not easily visible, because it was very 
close to the Sun. In Paris there were boisterous celebrations. Nume- 
rous curious onlookers climbed the Eiffel Tower and onto house roofs, 
but it was largely cloudy. A few unwary comet fans fell from the roofs 


and were killed. 
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In Cologne there were festivities like those at carnival time. In Vien- 
na there was a New-Year’ mood, and people gathered at many high 
points. Practically no reaction was reported from London, although 
in typical style, it was pouring in rain. At Cape Town people sought 
shelter, while in New York ‘comet banquets’ and balloon flights took 
place. But from Chicago, on the contrary, it was reported that home- 
owners stopped up the keyholes of their doors, in fear of the poison- 
ous gases. All over the place, street astronomers exhibited the comet 
through their telescopes. Coins, plates and all sorts of merchandise 
were on Offer. 

As early as 1907 there were attempts to recover the comet. Halley’s 
return was predicted by Philip Herbert Cowell and Andrew Crom- 
melin with an accuracy of three days, based on the available data from 
its earlier reappearances. The prediction was astoundingly good with 
its calculation of the perihelion date as 17 April 1910. For this, Cowell 
and Crommelin were awarded a prize by the German astronomical 


society, Astronomische Gesellschaft. 


Two typical caricatures of the commotion about Halley's Comet. 
In Germany, above all, postcards about the end of the world were 
popular (right), whereas in England, the excitement among ama- 


teur and professional astronomers was made fun of (below). 
A. Schultz (right), W. Heath Robinson (below) 
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Scientific cometary research was at a significantly higher level at Co- 
met Halley’s appearance than with previous comets. New, large tele- 
scopes in the USA (at Lick, Yerkes and Mount Wilson) and the new 
techniques of photography and spectrography enabled new methods 
to be used and gave more refined results. 

The American astronomer Edward Emerson Barnard stated that the 
comet should be monitored, worldwide, without a break, and sugges- 
ted observations from around the Pacific in particular. In fact, over 
60 observatories on all the continents took part in the international 
campaign. In particular, a vast number of photographs were collect- 
ed and could be evaluated together, to investigate the mysterious out- 
burst and detachments of the tail. It was thus that, among other re- 
sults, Karl Schwarzschild and Erich Kron detected fluorescence as the 


type of radiation in gas tails. 





. % i _ 4 4 7 = 
CF vi = pil 7 ved Le en a Serr ol 
d ay _ ; Aut! 4 < 2 ei 
Zhe mten Lumpenhun¢ 
! M 


of 
Z *. | | 5 e r) 
= 
’ " 2, . 
L a ae + ' a 
7 i e £eus fr Ff ‘ey 
é i, - — hoes F 
1. if 7 i — 
T oe ' a ————— 
’ af F fF <i——— 
4 ee 5 f = 
, & re -F re : i 
i - 4 - 
F ® 
‘ . 


a Sr —) =" c = = =. 
ag em ——, “Ee = * ag - 
gen Riesenschwanze, & = 
net nur . sae 


, 
=| 
» 


i ty 


on 








A Discovery photograph of 12 September 1909 (above WAsequence showing the development and recession of 
left) and detail of the comet's head on 31 May 1910 (above the tail, photographed from Hawaii. F. Ellerman 
right). Max Wolf 





April 26 April 27 April 30 May 2 May 3 May 4 May 6 


Halley's Comet 
In 1910 





May 15 May 23 May 28 June 3 June 6 June 9 June 11 





Detailed views of the tail on 25 May 1910 (above left), 29 May 1910 (above right), 11 May 1910 (below left) and 30 May 1910 (below right). 
Unknown photographers (top), H. Knox-Shaw (below) 





A The head of the comet, photographed on 8 May 1910 with 
the 60-inch reflector at Mount Wilson Observatory. 


Different views of the tail. The bright object on the right, near the 
comet in the picture above is the planet Venus. 
Unknown photographers 
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/ Comet Arend-Roland 1956 
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omet fans in the northern hemisphere had to wait nearly 50 years until Arend-Roland 1956 provi- 
ded a bright comet to illuminate the sky. Certainly there had been three comets, C/1927 X1 Skjel- 
lerup-Maristany, the Great Southern Comet of 1947, and the Eclipse Comet of 1948, all brighter 


than magnitude 0, but none of them became a striking object worldwide. Skjellerup-Maristany was dis- 


covéred shortly before perihelion, and the other two oflly after perihelion. All three were impressive 


sights only in the southern sky. That Arend-Roland was similarly notable, is for a special reason. Its 


anti-tail remains to this day a model example. 


ra 


Comet Arend-Roland on 22 April 1957. Unknown photographer 


Number: 21 

Designation: C/1956 R1 Arend- 
Roland 

Old designation: 1957 Ill 

Discovery date: 8 Nov 1956 

Discoverers: Sylvain Arend, Georges 
Roland 

Perihelion date: 8 Apr 1957 

Perihelion distance: 0.3160 AU 

Closest Earth approach: 20 Apr 1957 

Minimum Earth distance: 0.5691 AU 

Maximum magnitude: -0.5 

Maximum tail length: 30° 

Longitude of perihelion: 308.8° 

Longitude of ascending node: 215.9° 

Orbital inclination: 119.9° 

Eccentricity: 1.00024440 
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Orbit and visibility 


Discovery took place in the constellation of Triangulum, in the eve- 
ning sky, when the comet was still very far from the Sun, and could 
be observed outside twilight. Initially, the comet moved even farther 
away, until on 4 February 1957 it was at a distance of 1.9 astronomi- 
cal units. In doing so, it moved south across Pisces into Cetus. This 
was where its first conjunction with the Sun took place on 20 March, 
at a minimum separation of 13.7°. 

At the beginning of April, a short period of visibility in the southern 
sky began, before the comet once again approached the Sun - this time 
moving north. The second solar conjunction came on 16 April, and 
this time the separation was just 5.2°. A few days later the comet re- 
appeared in the European evening sky. This began the period of best 
visibility, as the comet moved north from Pisces. Closest approach to 
Earth occurred not far from the comet's position at discovery. 

At the end of April the comet entered the constellation of Perseus, 


still moving north-westwards. On 15 May it reached its northernmost 


point, in the constellation of Camelopardalis. The comet was then 
circumpolar and visible throughout the night for northern Europe. 
The later path remained at northern declinations and passed through 


Ursa Major into Draco. 


Discovery and observations 


The two Belgian professional astronomers Sylvain Arend and Georges 
Roland were searching for minor planets with the 400-mm telescope 
at the Royal Belgian Observatory, when something nebulous appeared 
on a photographic plate, taken with a 50-minute exposure. They first 
noticed their find in the week following the exposure, during inspec- 
tion of the plates, and waited for a separate photographic observation 
before they announced their find. Later, a Japanese photograph of 7 
November was found, on which the comet was also visible. 

At the time of discovery, C/1956 R1 was faint: about magnitude 10. 
As early as 27 November, a tail 4’ long was identified visually from the 
Hamburg Observatory at Bergedorf. By the end of December this had 
stretched to 8; but the brightness had hardly risen. 

By the end of January the magnitude had risen to 9. The tail now 
measured 10' long. A coma, with a diameter of 1, surrounded a faint, 
stellar nucleus of just magnitude 12. After 4 February, the comet de- 
veloped into a more prominent phase: its magnitude rose to 7.5 at the 
end of the month, and the tail elongated to 30. 

In March, Arend-Roland was invisible because of its decreasing 
distance from the Sun. Renewed observations came after 2 April at a 
separation of 18° from the Sun. In April the brightness of the comet 
amounted to about magnitude 2, but because of unfavourable con- 
ditions between the two conjunctions with the Sun, the tail was only 
observed to a length of 5°. 


After the second solar conjunction, the comet was again visible from 


the northern hemisphere after 21 April. The magnitude now reached 


its maximum value of about 1, and in the last ten days of April the co- 
met was a striking object. Estimates described the tail-length as bet- 
ween 25° and 30°. After 22 April the famous ‘spike-like’ anti-tail was 

seen. With a length of 15°, it appeared almost half the length of the 

true dust tail. It disappeared towards the end of the month. The co- 
metary nucleus had a distinct yellow colour. On 27 April it appeared 

to be doubled. 

At the end of April and beginning of May, the comet underwent a 
distinct decrease in brightness. The comet faded from magnitude 3 
to 7, and the tail shortened from 7° to 1°. In doing so, Arend-Roland 
became a binocular object. 

By the middle of August 1957, the magnitude had faded to 12, and 
at the end of September 1957, 18 was recorded. The last photograph is 
from 11 April 1958, taken at a magnitude of 21. On that date the co- 
met, at a distance of 5.5 astronomical units, was already beyond the 


orbit of Jupiter. 


Background and public reaction 


Arend-Roland remains today the textbook example of the formation 
of an anti-tail. No brighter comet has shown this phenomenon in such 
an impressive manner. 

Despite the good evening viewing conditions at the end of March 
1957, popular reaction to Comet Arend-Roland was minimal. The low 
surface brightness of the tail contributed to this, because it only show- 
ed to good effect under dark skies. 

There was yet another bright comet with a beautiful tail waiting 
in the wings in 1957. C/1957 P1 was discovered at perihelion by the 
Czech astronomer Antonin Mrkos, who had already made his name 
through comet discoveries. The comet hada magnitude of 1, and exhi- 
bited a dust tail 13° long and a gas tail 10° long. The particularly com- 


plex structure of the gas tail left a lasting impression. 
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Views of Arend-Roland: 24 April (above left) and 28 April 1957 
(above right). R. L. Waterfield (top), R. Waland (bottom) 


> The comet with a pointed anti-tail on 25 April 1957, when the 
Earth was passing through the comet's orbital plane. 
R. Fogelquist, D. Milon (opposite) 








¥ Comet IKeya-Seki 





Comet I[keya-Seki on the morning of 2 November 1965. David Thomas 


keya-Seki was, by any reckoning, a comet of extremes. It approached the Sun to a distance of less than one 
million kilometres, nearer than any other bright comet of the twentieth century. And because of its ex- 
tremely close distance to the Sun, it developed into the brightest comet of the century. With a magnitude 
of -15, it appeared ten times as bright as the Full Moon and could be seen directly alongside the Sun. Its nar- 
row, corkscrew tail was, however, best seen in the southern sky, so that the general population in the northern 


industrialized countries largely missed this swift comet. 


Orbit and visibility In October 1965 took a path through Crater and Corvus towards 

Spica, the principal star in Virgo. In doing so, visibility conditions 
Ikeya-Seki was discovered only one-and-a-half months before peri- improved significantly, and it was easy to observe in the morning sky. 
helion. At that date, the comet was south of the Sun in the constel- At perihelion on 21 October, the comet described a loop around 
lation of Hydra. At northern latitudes it was only visible under very — Spica and the Sun, which at that date was just a few degrees east of 


unfavourable circumstances low on the horizon in the morning sky. _ the star. As such, for a few days the comet was only visible in the day- 
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Number: 22 

Designation: C/1965 S1 Ikeya-Seki 

Old designation: 1965f, 1965 VIII 

Discovery date: 18 Sep 1965 

Discoverers: Kaoru Ikeya, Tsutomu 
Seki 

Perihelion date: 21 Oct 1965 

Perihelion distance: 0.0078 AU 

Closest Earth approach: 17 Oct 1965 

Minimum Earth distance: 0.91 AU 

Maximum magnitude: —15 

Maximum tail length: 45° 

Longitude of perihelion: 69.0° 

Longitude of ascending node: 347.0° 

Orbital inclination: 141.9° 

Eccentricity: 0.99991500 


time sky. The apparent minimum separation from the Sun amoun- 
ted to merely 10'! 

The loop around the Sun, in which Ikeya-Seki was always behind 
our daytime star, catapulted the comet back, in almost the same dir- 
ection from which it had come previously. So it turned back into the 
morning sky once more. For northern observers, however, the sub- 
sequent path was unfavourable, being even farther south. 

On 1 November, [keya-Seki was in Corvus. It crossed Hydra in 
November and moved on to Antlia, where it was finally out of sight 
of European observers. In January 1966, at the time of the last ob- 


servations it was in the constellation of Puppis in the southern sky. 





Ikeya-Seki is classed as a sungrazer belonging to the Kreutz Group. 
These comets move on orbits that take them very close to the Sun. 
With Ikeya-Seki the separation from the surface of the Sun was less 
than one million kilometres. There is a notable similarity with the 
path of the Great Comet of 1882, which reached an almost identi- 
cal perihelion distance. 

The orbital period is found to be 880 years. Gary W. Kronk has 
suggested a possible identity with the September Comet of 1106. The 
probability of a further return of Ikeya-Seki has undoubtedly de- 


creased following fragmentation of its nucleus in 1965. 


Discovery and observations 


The Japanese amateur astronomers Kaoru Ikeya and Tsumoto Seki 
were both active in searching for comets, when they made their 
greatest discovery on 8 September 1965. Ikeya had already discover- 
ed a comet in 1963 with a home-made telescope. His last discovery 
to date, on 13 November 2010, makes him one of the longest active 
comet discoverers. Seki is, with six discoveries, even more success- 
ful than Ikeya. In addition, he has recovered 28 comets. In 1965 he 
used a 90-mm telescope with a magnification of just 15x. Both ob- 
servers discovered the comet within just 15 minutes of one another. 
In 1967, they repeated a common comet discovery, but this time 
Ikeya won by a nose. 

At its discovery, Comet Ikeya-Seki was already at magnitude 8. Its 
brightness grew rapidly, just three weeks later the comet could be 
seen for the first time with the naked eye. At the beginning of Oct- 
ober the tail already measured 1.5° long. As it grazed the Sun, the 
brightness shot up. On 18 October it had already broken the mag- 
nitude 0 mark, and the tail was an imposing 10° long. Observers in 
the south could observe the comet at considerable heights above 
the horizon, so that even befo- 
re perihelion there were reports 
of sightings from the centre of 
cities such as Sydney. 

Then Ikeya-Seki underwent its 
extremely close passage past the 
Sun. On 20 October, keen obser- 
vers were first able to see the co- 
met with the naked eye. They 
estimated the magnitude that 
day as about -10. A tail, 1° long, 
was visible despite the bright 
sky background. On 21 Octo- 
ber, Ikeya-Seki had become sig- 
nificantly brighter. It could be 
seen clearly about 1.5° from the 
Sun, when the latter was hidden. 
A Japanese observatory estima- 
ted the magnitude at ten times 
that of the Full Moon, which 
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corresponds to about -15. No comet in the twentieth century was 
brighter. The following day a division in the nucleus was noticed. The 
comet had broken into three portions, of which only one remain- 
ed visible subsequently. 

The most spectacular sightings of the comet in the bright morning 
twilight were reported from 23 October. A slightly curved and ex- 
tremely bright tail, 20° long, emanated from a second-magnitude 
nucleus. Its slender shape was fascinating. In the following days, as 
the comet became easier to see under dark skies, the length of the 
tail doubled to 30-45°. The first half of the tail was nearly as bright 
as the nucleus. The corkscrew structure recorded on photographs 
show the so-called ‘striae’, which arose from ray structures in the 
tail. Occasionally a faint gas tail could also be detected. 

Until the beginning of November, the very bright tail remained 
unchanging. The experienced comet observer John Bortle reported 
on 31 October that the comet, despite cloud that blotted out prac- 
tically all brighter stars, could be seen without interruption. At the 
same time, however, the magnitude of the comet rapidly dropped, 
until at the beginning of November it was just 3. 

After 4 November a second break-up of the nucleus was observed. 
Two fragments of the nucleus could now be seen, persisting into Jan- 
uary 1966. In December 1965 the tail finally became significantly 
fainter. The head of the comet, at magnitude 7, could now no longer 
be seen with the naked eye. The tail now disappeared very rapidly, 
and by New Year 1965-66 it had already become a difficult telesco- 
pic object. The last visual sighting of the comet through a telescope 
dates from 31 January 1966. 


Background and public reaction 


Ikeya-Seki was the brightest comet of the twentieth century. Because 
of its late discovery as well as being exclusively visible in the morning 
sky, the media were late in finding out about it, and no worldwide en- 
thusiasm was engendered. A hindrance was the relatively short period 
of maximum brightness. For astronomers in the southern hemisphe- 
re, however, Ikeya-Seki remained an event unequalled until the ap- 
pearance of Comet McNaught in 2007. 

In the forecasts for the visibility of Ikeya-Seki, much was made of the 
Great September Comet of 1882, which came equally close to the Sun. 
Three years before, in 1962, another comet, Seki-Lines, had already ap- 
peared, and passed a short distance away from the Sun. Approaching 
the Sun to within 0.03 astronomical units, Seki-Lines had reached a 
magnitude of -7.5 and exhibited a tail 20° long. However, the impres- 
sion it left did not, by any means, reach that of Ikeya-Seki. 
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A Snapshot on 27 October 1965 from Argentina, where the co- 
met was higher in the morning twilight. Unknown photographer 


Vv On 21 October 1965 the comet passed the Sun. F. Moriyama and 
T. Hirayama 





Comet I[keya-Seki on 29 October 1965. Unknown photographer 
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Comet Ikeya-Seki over the morning horizon on 27 October (below) and 29 October (above). Unknown photographers 





¥ Comet Bennett 1970 


t was perhaps the most beautiful comet of the twentieth century but, above all, it was one of the 


: 
least observed. When Comet Bennett was in the morning sky in spring 1970, only a few early risers 


took any notice of it. Most people slept through it. Three years later, people wanted to make up for 
the missed opportunity, but Comet Kohoutek in 1973-74 was unable to match the splendour of Comet 


Bennett. 


Comet Bennett on 5 April 1970. Dennis Milon, Helen and Richard Lines 


Orbit and visibility 


C/1969 Y1 was discovered deep in the southern sky near the Small 
Magellanic Cloud in the constellation of Tucana. Until perihelion 
on 20 March 1970 it remained an object exclusively for inhabitants 
of the Earth’s southern hemisphere, who were able to observe it in 
the evening sky. 

In February 1970, the comet crossed the constellation of Grus, mov- 


ing north. Passing west of Fomalhaut, the principal star in Piscis Aus- 


trinus, it moved towards the Sun, which it reached on 21 March in the 
constellation of Aquarius. 

After perihelion at the end of March, came the start of visibility for 
observers in the northern hemisphere. The comet was then visible on 
the morning horizon in the east. 

The phase of best observational possibilities, shortly after closest 
approach to Earth on 26 March, found the comet in the constellation 
of Pegasus, west of the conspicuous Great Square of Pegasus. The tail 
pointed in the direction of the Milky Way. 











Number: 23 
Designation: C/1969 Y1 Bennett 
Old designation: 1970 Il 
Discovery date: 28 Dec 1969 
Discoverer: John Bennett 
Perihelion date: 20 Mar 1970 
Perihelion distance: 0.5376 AU 
Closest Earth approach: 26 Mar 1970 
Minimum Earth distance: 0.69 AU 
Maximum magnitude: 0 

Maximum tail length: 25° 

Longitude of perihelion: 354.1° 
Longitude of ascending node: 224.7° 

Orbital inclination: 90.0° 
Eccentricity: 0.99619300 


Towards the middle and end of April, the bright Moon interfered 
with observations. At the end of that month, the comet entered Cas- 
siopeia and crossed the autumn Milky Way. It remained there until 
June, and from September it was to be found in Cepheus. The orbital 
period of the comet was given as 1680 years. As such, its last perihe- 
lion must have occurred in AD 290. No observations have, however, 


been definitely ascribed to that return. 


Discovery and observations 


The South African amateur astronomer John Bennett had already spent 
333 hours in systematically searching for comets, before he found his 
first comet on 28 December 1969. Bennett had observed comets since 
1960, and began a dedicated search in 1967. Like Messier, he had com- 
piled a list of nebulous deep-sky 
objects that might be confused 
with comets, and which might 
hinder his search. His catalogue 
of 152 entries, may be considered 
today as the ‘Messier Catalogue 
of the Southern Sky’. 

Bennett saw the magnitu- 
de 8.5 comet with his 120-mm 
richfield refractor, with which 
he also compiled the catalogue 
of nebulae. By the end of Jan- 
uary 1970, the magnitude of 
the comet had risen to 7. Up to 
this point, a tail could only be 
detected photographically. 

In February the magnitude 
shot up from 6 to 3. By the middle 
of March, the tail had grown toa 





hefty 10°. Then the comet was lost for a few days in the glare from the 
Sun. At the end of March, Comet Bennett reappeared with its stri- 
king, curved tail. Its length amounted to 10-12°. Initially, it was con- 
spicuous for its yellowish or orange colour. Telescopically, in the head 
of the comet, jets could be detected on the side of the nucleus that was 
turned towards the Sun, as well as the resulting envelopes. A dark ‘nu- 
clear shadow’ could also be observed in the tail. 

At closest approach to Earth on 26 March, the magnitude of the co- 
met reached its maximum value of about 0. The very bright and high- 
ly structured dust tail could be seen to a length of 12°, and individual 
estimates even put it as long as 25°. A gas tail could be detected from 
time to time. It ‘flickered’ in response to changes in the solar wind. 
Most observations and photographs of the comet were made in the 
days following, around the end of March and the beginning of April. 

In April the magnitude declined to about 5. From May onwards, the 
comet could no longer be seen with the naked eye, and towards the 
end of the month the magnitude had shrinked to 9. Telescopically, a 
tail 2.5° long could still be detected. 

In September 1970 the magnitude had dropped below 13, and in 
January 1971 it amounted to 18.9. The last photograph of the comet 
on 27 February 1971 showed it at a distance of 4.9 astronomical units, 


close to the orbit of Jupiter. 


Background and public reaction 


C/1969 Y1 was the first comet since the appearance of Halley's Co- 
met in 1910 that became evident, worldwide, as a bright, impress- 
ive object. Unlike Ikeya-Seki it could be seen in all its glory outside 
twilight, and was, during the period of best visibility, brighter than 
Arend-Roland in 1956. Because of its ‘classic’ curved tail and its pos- 


ition, high above the morning horizon, near the Milky Way, it was 
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considered to be the most beautiful comet of the twentieth century 
by many contemporaries. 

The general public first took notice of Comet Bennett when it had 
already passed perihelion and closest approach to Earth. Because, by 
the end of April, it had already become much fainter, most people had 
only a short time to observe it. Its location in the early morning sky 


was another reason that Comet Bennett gained hardly any attention. 


A Views of the comet on 31 March 1970 (top) and 5 April 1970 
(above). J. Shuder (top), W. Sorgenfrey (above) 
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The ‘missed’ Comet Bennett was a contributing factor to the Kohou- 
tek hype three years later, because the general public eagerly accept- 
ed the announcement of a new, even brighter, comet, that was sup- 
posed to appear in the evening sky. Bennett's display, which greatly 
exceeded expectations, contributed to the fact that hardly any atten- 


tion was given to the doubts that were voiced. 








A Atthe time of these photographs on 11 April 1970 Comet Bennett's 


maximum brightness was over. K. Brandl 





Fine rays in the gas tail and a bright, curved dust tail are shown in this photograph of 21 March 1970 from the South African 


Boyden Observatory. 


¥ Comet Kohoutek 1973/74 


he famous American comet researcher Fred Whipple once said: “If you must bet, bet on horses — not 
on a comet.” In 1973 hardly anyone took this advice seriously: shortly after its discovery, when it was 
extolled as being a possible ‘comet of the century’, media worldwide readily seized on the excitement 
about Comet Kohoutek and portentously announced a special spectacle to the public. More realistic doubts 
were unable to stop this machinery, and so expectations and reality diverged inexorably. The great crash came 


shortly before Christmas 1973. The fact that the spectacle failed to materialize served as a reproach to astro- 


nomers for decades. 





Comet Kohoutek was much ridiculed as the fiasco of the century, but for science it was an extremely productive object. This photo- 
graph from the 48-inch Schmidt Telescope at Mount Palomar shows the comet on 12 January 1974. 
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Number: 24 

Designation: C/1973 E1 Kohoutek 
Old designation: 1973 XII (1973f) 
Discovery date: 18 Mar 1973 
Discoverer: Lubos Kohoutek 
Perihelion date: 28 Dec 1973 
Perihelion distance: 0.1382 AU 
Closest Earth approach: 15 Jan 1974 
Minimum Earth distance: 0.81 AU 
Maximum magnitude: —3 

Maximum tail length: 25° 

Longitude of perihelion: 37.8° 

Longitude of ascending node: 258.5° 

Orbital inclination: 14.3° 
Eccentricity: 1.00000800 


Orbit and visibility 


The apparent orbit of Comet Kohoutek ran close to, and almost pa- 
rallel with, the ecliptic. Its visibility was thus divided into two sec- 
tions, before and after its encounter with the Sun at perihelion on 28 
December 1973. 

When first sightings of the comet with the naked eye came in Nov- 
ember 1973, the comet was in the constellation of Corvus in the morn- 
ing sky. In December, Comet Kohoutek passed through Libra and 
Scorpius as it approached the Sun, which it encountered in Sagittari- 
us. The minimum separation from the Sun on 28 December amoun- 
ted to just 0.5°. 

The comet then moved into the evening sky. In January it passed 
through Capricornus into Aquarius, where closest approach to Earth 
occurred on 15 January. In February, Comet Kohoutek was in Pisces, 
and its distance from Earth increased rapidly. In April, it passed north 
of the Hyades. 

Before perihelion in 1973, the orbital period of Comet Kohoutek 


was calculated as 1.5 million years. After its passage through the in- 





ner Solar System, when it was affected by orbital perturbations, the 


period was given as just 75 000 years. 


Discovery and observations 


The discovery of Comet Kohoutek was one of the latest, photographic 
comet discoveries from Germany - the very latest occurred on 27 Feb- 
ruary 1975. It was made by the Czech professional astronomer Lubos 
Kohoutek, who emigrated to West Germany after the suppression of 
the Prague Spring, and who worked at the Hamburg Observatory at 
Bergdorf. Using the 800-mm Schmidt Telescope, which was later mo- 
ved to Calar Alto in Spain, Kohoutek was searching for the lost Co- 
met Biela. In 1845, this had broken into multiple fragments, and the 
last two portions were seen in 1852. 

Instead, Kohoutek found a few dozen new minor planets on the 
photographic plates. In pursuing these, on 18 March 1973 he came 
across a faint, 16th-magnitude nebulosity, which he had captured on 
a plate on 7 March. The brightness of the comet increased continuous- 
ly, although not as rapidly as expected. The first sightings with the na- 
ked eye were reported only at the end of November. The last observati- 
on before conjunction with the Sun, shortly before the very end of the 
year, came on 22 December 1973. At this point, the comet had a mag- 
nitude of just 2.8, and so was nota spectacular object to the naked eye. 

While on Earth people eagerly awaited the comet's reappearance, 
the astronauts of the Skylab mission observed the comet frequently 
between 24 and 29 December. They undertook many space-walks and 
drew sketches of the comet. There was a conspicuous anti-tail, 3° long. 

On 27 December, experienced Japanese amateur astronomers were 
able to observe the comet in the immediate vicinity of the Sun, with 
binoculars. They estimated the magnitude as about -3. 

After perihelion on 28 December, the comet's brightness declined 
rapidly. On | January 1974, when it reappeared in the evening sky, Co- 
met Kohoutek was at magnitude -1.5, on 4 January it was just 2.5, and 
a mere magnitude 4 on 10 January. 

The comet displayed a beautiful, structured tail, up to 25° in length. 
However, the surface brightness was not particularly high, so that it 


showed to best advantage only under dark skies. At the end of Janu- 
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ary the period of naked-eye visibility came to an end. However, with 


telescopes, Comet Kohoutek could be followed far into 1974. 


Background and public reaction 


The ‘Kohoutek Fiasco’ as the media phenomenon was called, has gone 
down as the greatest astronomical failure of predictions in history, 
and, to this day, has determined the relationship of the media to 
astronomical announcements. 

The media interest was initially aroused by the exciting stir caused by 
the early discovery of the comet. It increased when it became obvious 
that Comet Kohoutek had the potential to become a very bright object 

— reckoned to be ‘a new Star of Bethlehem’ by Christmas. 

The final trigger for the hype in the USA, however, was when Dave 
Myers, a NASA expert, spoke to a journalist about the observational 
programme for Comet Kohoutek, and rather casually remarked that 

“Comets of this size appear only about once in a hundred years.” Over- 
night, the words became ‘Comet of the Century’. Papers announced that 
Kohoutek could become brighter than Comet Halley of 1910 (which, 
speaking purely astronomically, was correct), that it would be as bright 
as the Full Moon in the night sky (which, in historical times, has never 
been the case with any comet), and would even be seen in the daytime 
sky (which, likewise, would be correct, with the proviso that only ex- 
perts, with optical aids, would be able to do so). 

The apparent truth of these announcements appeared to be confirm- 
ed by the postponement of the Skylab mission so that the astronauts on 
board could observe the comet during their spectacular EVAs. Time 
magazine featured the comet on its cover, and the luxury liner Queen 
Elizabeth 2, with hundreds of comet fans and the discoverer on board, 
put to sea, to be able to catch sight of the comet in the twilight without 
any light pollution —- most of them merely got seasick. 

By the beginning of November, it was foreseen that the expectations 
would not be fulfilled. But the voices of the comet researchers went un- 
heard. In December 1973, sales of telescopes in the USA rose by 200 per- 
cent. The crowning success came at Christmas, when President Nixon, 
in a live broadcast link to the Skylab module, spoke to the astronauts 
as they observed the comet. 

But this project also fell by the wayside like the whole ‘Comet of the 
Century phenomenon. Shortly before Christmas, the disappointment 
also finally became obvious to the general public. The hype now changed 
completely. The “Wash-out of the Century and ‘Kohouflop’ were among 
the kinder attributes to the comet. American comedians joked that the 
comet was just amanoeuvre by the government to deflect attention from 
the Watergate scandal. Another maintained that, this time, a comet had 
actually predicted the fall of a ruler. 

The ‘Fiasco of the Century of Comet Kohoutek has entered popular 
culture, particularly in the USA. The event was also picked up by the 
esoteric movement just becoming fashionable that envisaged a new Age 
of Peace before the final end of the world. The comet also found a posi- 
tive response among musicians, ranging from Kraftwerk to Pink Floyd. 


There was even a jazz concert for the comet. 


168 





Lubos Kohoutek discovered C/1973 E1 with the large Schmidt 
Telescope at the Hamburg Observatory. The discovery image 


shows the comet's motion. L. Kohoutek 


Against this, Comet Kohoutek was a highly productive object for sci- 
ence. The long preparation time of ten months before perihelion was 
ideal for researchers. On the basis of the expected brightness, however, 
a lot of resources were committed, which were not actually employed. 
Comet Kohoutek was observed from aircraft, high-altitude balloons and 
from space. While astronauts on board Skylab drew it and made spect- 
roscopic studies, it was also observed by cosmonauts in the Soyuz-13 
capsule, and investigated from the interplanetary probe Mariner 10. 
Comet Kohoutek was the first comet to be studied in the radio region. 
In doing so, CH, CHN, HCN, CH, and OH were detected. Evidence for 
quartz grains (silicates) was found for the first time. Fred Whipple cal- 
led it “by far the most observed comet in history”. 

C/1973 El was a ‘fresh’ comet with a shell of light, volatile materials. 
Because it became active earlier than other comets had done, it was ge- 
nerally assumed that its activity would be higher than its actual level - 
which accounted for the brightness forecasts of up to -10 magnitudes. 
After these predictions were found to be incorrect, an additional fact- 
or was the fall in brightness after perihelion. This was because the in- 
ner, less volatile, nucleus was exposed, and so less material was released 


than in comparable comets. 


oe 


DEC 30, 1973 PERIHELION +2 DAYS 


A The astronauts on board Skylab drew the appearance of the co- 
met to the naked eye in the days after perihelion on 30—31 Dec. 
1974 (above). A significant anti-tail is notable. 


DEC 31, 1973 PERIHELION +3 DAYS 


Vv Photographs of the comet before perihelion from Tauten- 
burg on 22 Nov. 1973 (left) and after perihelion from Steward 
Observatory on 19 Jan. 1974 (right). 

F. Borngen (left), E. Roemer, L. M. Vaughn (right) 





¥ Comet West 1976 


any observers considered 
this to be the most impres- 
sive comet in the previous 
40 years. In March 1976, Comet West 
caught everyone by surprise with its 
imposing tail. But the Kohoutek fiasco 


two years earlier, and the visibility in 


the winter morning sky prevented this 


comet from improving the status of the 


cometary scene. 


Comet West on the morning of 4 March 1976. Peter Stattmayer 











Number: 25 
Designation: C/1975 V1 West 
Old designation: 1975n, 1976 VI 
Discovery date: 24 Sep 1975 
Discoverer: Richard West 
Perihelion date: 25 Feb 1976 
Perihelion distance: 0.197 AU 
Closest Earth approach: 29 Feb 1976 
Minimum Earth distance: 0.79 AU 
Maximum magnitude: —3 

Maximum tail length: 30° 

Longitude of perihelion: 358.1° 
Longitude of ascending node: 118.9° 

Orbital inclination: 43.1° 
Eccentricity: 0.99997100 


Orbit and visibility 


At discovery in November 1975, Comet West was in the southern sky 
in the constellation of Microscopium. It remained in the southern sky 
and hence unobservable for European observers until February 1976. 
In the first week of February it passed Fomalhaut, the principal star 
in Piscis Austrinus, moving north, but was still farther south than 
the Sun in Aquarius, and thus still remained invisible to Europeans. 
Perihelion occurred on 25 February, when the comet’s distance from 
the Sun amounted to less than 30 million kilometres, and was, to a 
considerable extent, responsible for the following major activity. That 
day, as seen from Earth, the comet passed the Sun, with a separation 
of 6° on the sky. In the following 
days, observers at low latitudes 
had the opportunity to catch the 
comet shortly before sunrise and 
shortly after sunset. With every 
day that passed, the chances be- 
came better, and on the leap-day, 
29 February, morning visibility 
of the comet began, during which 
it displayed its full splendour. 
After 1 March, Comet West 
moved into the constellation of 
Pegasus. As it was moving away 
from the ecliptic, almost at right- 
angles, towards the northwest, 
the observational conditions for 
Central Europe improved rapidly, 
while the comet could no longer 


be seen under optimum condi- 





tions from the southern hemisphere. The Full Moon only caused in- 
terference at the end of March. 

In April the comet passed across the constellations of Delphinus 
and Sagitta and into the summer Milky Way, and in May and June, at 
an increasing distance, through Ophiuchus. Even before its encounter 
with the Sun, Comet West was found to havea very long orbital period 
of 254 000 years. After this return, this was significantly increased to 
558 000 years through solar and planetary perturbations to the orbit. 


Discovery and observations 


The European Southern Observatory (ESO) is a co-operation between 
European states with the aim of enabling astronomical observations 
to be carried out in the southern sky. This is, above all, of interest, be- 
cause of the better climatic conditions. ESO, although headquartered 
at Garching, near Munich, carries out its work with numerous tele- 
scopes in the southern hemisphere, in particular in Chile. 

On 24 September 1975, a photographic plate was taken by Guido 
Pizarro with the 1-m Schmidt Telescope at La Silla, and which was 
intended for the southern extension of the largest photographic stel- 
lar survey at that time, the Palomar Observatory Sky Survey (POSS). 
The Danish professional astronomer Richard West, working at ESO, 
examined this plate on 5 November and discovered a small nebu- 
lous patch with an incipient tail. Its magnitude amounted to 14-15, 
and it measured about 2.5' in diameter. The patch was also discover- 
ed on plates taken on 10 and 13 August, and proved to be a previous- 
ly unknown comet. 

By the time of its discovery, Comet West had already become signi- 
ficantly brighter. The first visual sightings came as early as November. 


The brightness of the comet rose further from magnitude 9 in Decem- 
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ber to 6 at the beginning of February 1976. At that date a tail 1° long 
could already be detected, and the comet was visible in binoculars. 

In the course of February the brightness increased significantly and 
had reached magnitude 1 by 20 February. At the end of the month, 
Comet West was too close to the Sun to be observed before sunrise or 
after sunset. In fact, many experienced observers succeeded in day- 
time telescopic observations of the comet on 23 February. Estimates 
of its magnitude were around -3. 

On 29 February observations away from the Sun were again poss- 
ible. The comet was shining at magnitude —1.5, and rapidly develop- 
ed a bright tail. From 4 March Comet West could also be seen from 
Central Europe. The impressive bright tail rose into the dark night sky 
long before the comet’s nucleus, which was reminiscent of reports of 
the Great Comet of 1744. The complete comet could only be seen in 
twilight. Light from the tail appeared whitish, and that from the nu- 
cleus was golden. 

The fascinating, bright and wide tail, which had now been visible for 
about a week, reached a length of 30° and stretched up into the sum- 
mer Milky Way. It hada rich structure, with up to 20 synchrones and 
striae, some of which intersected one another and gave the tail its un- 
mistakeable appearance. A bluish gas tail appeared alongside the dust 
tail, on the west, and which reached a length of 15°, but which remain- 
ed significantly fainter. 

Located on the morning, western horizon for Central Europe, in the 
first days of March the tail switched from ‘left’ to ‘right’. On 5 March, 





using a 14-inch telescope with a magnification of 250x at the Hoher 
List Observatory, a second nucleus was seen 3' away from the princi- 
pal nucleus. On 9 March, two additional nuclei even appeared, and 
the arrangement of what were now four fragments of the nucleus was 
reminiscent of the Trapezium in Orion. At the end of March, three 
nuclei could still be seen. These observations confirmed the comet’s 
fragmentation, which was also confirmed from elsewhere. 

On 9 March the magnitude of the comet had declined to 2. On 13 
April it was below 6, and in August it had reached 10. The tail was vis- 
ible for longer than the head. The last visual sighting was on 25 Aug- 
ust. On 25 September three cometary nuclei could still be detected, 


and which were all within a diameter of 1’. 


Background and public reaction 


After the Kohoutek fiasco of 1974, anxiety about creating a new flop 
was widespread. While astronomers set their brightness estimates 
rather too low, the media shrank from the subject. What was possibly 
the most impressive comet of the twentieth century was, as a result, 
to a large extent an unnoticed phenomenon, to which its visibility in 
the early morning sky also undoubtedly contributed. 

Comet West was surprising for its significantly greater activity than 
expected, in particular because there was an additional ejection of dust 
after perihelion. The origin of this was linked to the fragmentation of 
the nucleus. The first fracture occurred on 19 February, and a second 
on 27 February. A third fragment broke away on 6 March. Fragment- 
ation of the comet released enough material to form the simply beauti- 


ful tail - its breakup was also responsible for Comet West's greatness. 


The break-up of the comet's nucleus in March 1976 (below) undoubtedly contributed to its striking appearance in the sky. In the summer 


of 1976, three nuclei were still visible (above). 





1/2 


Comet West in the morning twilight on 2 March (top) and 3 March 1976 (centre). J. Linder 


Vv On the morning of 4 March 1976, the comet presented a striking appearance over the eastern horizon (below). K. Brandl 





<¢ On 9 March 1976, the bright- 
ness of the comet had al- 


ready declined significant- 


ly. However, the tail displayed 


its full splendour outside twi- 
light. Ronald Royer 


> Photographs from the Tau- 
tenburg Observatory docu- 
mented the different views of 
the tail: 5 March 1976 (top), 29 
March 1976 (centre and be- 
low). R. Ziener, K. Kirsch (top), 
F. Borngen, K. Kirsch (bottom) 


<A fine, bluish gas tail accom- 
panied the imposing dust tail 
in the days shortly after peri- 


helion. Jurgen Linder 
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Number: 26 
Designation: 1P/Halley 1986 
Old designation: 1982i 
Discovery date: 16 Oct 1982 
Discoverers: David Jewitt, Edward 
Danielson 
Perihelion date: 9 Feb 1986 
Perihelion distance: 0.5871 AU 
Closest Earth approach: 10 Apr 1986 
Minimum Earth distance: 0.42 AU 
Maximum magnitude: 2 
Maximum tail length: 25° 
Longitude of perihelion: 111.9° 
Longitude of ascending node: 58.9° 
Orbital inclination: 162.2° 
Eccentricity: 0.967277 


Orbit and visibility 


The second appearance of Comet Halley in the twentieth century took 
place under far less favourable conditions than in 1910. The minimum 
distance from Earth at 60 million kilometres amounted to twice the 
value 76 years previously. In addition, the path in 1986 was in the far 
south, so observers in Europe and North America would only be able 
to see the comet at the time of its greatest brightness when low on the 
horizon. Overall, Comet Halley's return of 1986 must be regarded as 
the most unfavourable of modern times for the inhabitants of Cen- 
tral Europe and North America. 

At its extremely early recovery, Halley's Comet was in the winter sky 
at the borders of the constellations of Orion, Gemini and Monoceros. 
During the winters of 1982, 1983 and 1984 it described a loop, similar 
to the loops that outer planets describe around opposition, and which 
reflect the motion of the Earth around the Sun. In February 1985, Co- 
met Halley was located north of the constellation of Orion. 

From autumn 1985, Comet Halley came within reach of amateur 
astronomers. The comet moved from Orion into Taurus. In October 
it passed the nebula M1, which Messier had found in 1758 when then 
searching for Halley’s Comet. In November, Comet Halley passed 
north of the Hyades and south of the Pleiades. At this early stage, far 
from perihelion, its location in the night sky was ideal, and it could 
be observed throughout the night. On 27 November its distance from 
Earth was 0.62 astronomical units. Subsequently, the comet began by 
moving farther away from the Earth. 

In December 1985 the comet again turned west, passing through 
Aries and into Pisces. At the same time, visibility conditions worse- 
ned, and it was only visible in the evening sky. At perihelion on 9 Feb- 
ruary 1986, in Aquarius, it was hidden by the glare of the Sun, and 


was thus unobservable. 
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For observers in the southern hemisphere the comet reappeared in 
the middle of February in the morning sky, as it was crossing Capri- 
cornus in a south-westerly direction. In the period following, from 
the end of February to the beginning of April, it was reckoned to be 
at maximum brightness. For observers in Central Europe there was 
a short, unfavourable window of visibility at the end of March, just 
above the south-eastern morning horizon, deep in the constellation 
of Sagittarius. Between 5 and 18 April, and thus during the second 
close approach to Earth on 11 April, Halley's Comet was invisible for 
Central-European observers, lying in the southern sky in the con- 
stellation of Lupus. The distance to the comet on that day was 0.42 
astronomical units. 

For observers in the southern hemisphere, however, observational 
conditions were almost ideal. As it crossed the Tropic of Capricorn, the 
comet was, at midnight, at the zenith alongside the brightest portion 
of the Milky Way. At the time of its greatest brightness in the middle 
of April, Comet Halley crossed the Milky Way from east to west. Sub- 
sequently it passed right by the galaxy Centaurus A (NGC 5128). 

On 20 April the comet also reappeared in the sky for Central Euro- 
peans. In the days following it moved northwards from the constel- 
lation of Hydra. The Full Moon on 24 April, however, interfered with 
observations. This was the period when observers in Central Europe 
had the greatest chance of seeing the comet. 

In May, it turned in the constellation of Sextans and, in doing so, 
was finally available for all observers, worldwide. However, its dis- 
tance increased rapidly from day to day. 

From Europe only the early and late parts of the event were eas- 
ily seen. Only at its next return, in 2061, will there be the chance of a 


better display. 


Discovery and observations 


As in 1910, early recovery of this famous comet was a matter of presti- 
ge. The search was undertaken by all major observatories around the 
world, but initially, however, without success. American efforts were 
co-ordinated by the Jet Propulsion Laboratory (JPL) and the Califor- 
nia Institute of Technology (Caltech). It was decided to use the 5-m 
(200-inch) telescope at the Palomar Observatory. There David Jewitt 
and Edward Danielson had access to a CCD camera, one of the then- 
revolutionary detector systems. 

On the morning of 16 October 1982 they identified the comet as a 
point-like object only 8' away from the calculated position. At the time, 
the comet was still 11 astronomical units from the Sun, its magnitude 
was 24.2 and it appeared without any sign of a coma. It was only two 
years later, at a distance of 6.2 astronomical units, that the first signs 
of cometary activity could be established. 

Among amateur astronomers there was also a competition to see 
who would record the comet first. Photographically, this was won by 
the well-known Japanese comet discoverer Tsutomu Seki on 22 Sep- 


tember 1984, when the comet was of magnitude 20.5. Visually, the 


American observer Stephen James O'Meara was able to see the comet, 
using a 24-inch telescope, on 23 January 1985, when Comet Halley 
was just magnitude 19.6. 

In autumn 1985, Halley's Comet became a binocular object at a mag- 
nitude of about 7. The first sightings with the naked eye under dark 
skies followed in November. In December, the comet clearly exhibit- 
ed a tail, the beginnings of which had been visible earlier. Two com- 
ponents, 4° and 3° in length, were observed. 

Comet Halley’s behaviour in 1986 was noted for the major activi- 
ty in the gas tail with numerous disconnection events. The first such 
even occurred between 9 and 11 January. Two more followed on 9 to 
11 March and 11-12 April. 

The comet reached perihelion in February, and a magnitude of 2.7 
in March. The length of the tail amounted to about 12°, and grew by 
April to 25°, where the fainter outliers could be detected only under 
dark skies. A few observers maintained that they had even seen tail- 
lengths of up to 60°. 

At the end of March, because of the viewing geometry, it appeared as 
if the dust tail made an angle of 90° with the gas tail. During the whole 
time, the dust tail was broad and diffuse and could not easily be dis- 
tinguished visually in front of the bright portions of the Milky Way. 

At closest approach to Earth in March, Halley’s Comet reached its 
maximum magnitude of 2. That decreased by April to about 3. In May 
the comet had reached the limit of visibility with the naked eye, and 
nothing of the tail could be seen by this time. 

David H. Levy succeeded in gaining the last visual sighting on 23 
February 1988, almost two years after perihelion. The comet then had 
a magnitude of 17. Photographically, however, Comet Halley conti- 
nued to be followed. In February and March 1993, a sudden magni- 


tude outburst was observed, with the magnitude rising from 25 to 19. 


This event took place at a distance of 14.3 astronomical units. 


In 2003, Halley’s Comet had a magnitude of just 28. Three 8.2-me- 


tre telescopes, working together, were required to obtain this result. 


Background and public reaction 


Asin 1910, the return of Halley's Comet was preceded by enormous 
interest in the media. Magazines put the comet on their covers and 
more than 100 books were published in various languages. Telescope 
businesses had a record turnover, with sales tripling. There were Hal- 
ley medallions, Halley mugs, Halley stickers and much more. The hype 
before the appearance of the comet was considerable. 

Comet Halley's return came at a time of enthusiasm for space. In- 
vestigation of the planets with space probes and the flights of the Space 
Shuttle generated a great deal of interest. With the approach of the 
comet, the excitement rose even higher. The European Space Agency 
launched a space probe called Giotto, which was to fly past the comet 
as closely as possible. In the event, the probe passed the comet’s nu- 
cleus on 14 March at a distance of just 600 kilometres, and sent back 
the first direct images of a cometary nucleus. Halley’s Comet proved 
to be a potato-shaped lump, about 10 kilometres across. The jets from 
the surface were clearly visible. 

Japan sent the probes Sakigake and Susei. They passed the comet at 
significantly greater distances and measured the solar wind and inter- 
planetary magnetic field. The Soviet Union had sent the probes Vega 
1 and Vega 2. They flew past the comet on 6 and 9 March at distances 
of 8000 and 9000 kilometres, respectively. Comet Halley was obser- 
ved and imaged in various spectral regions, and in addition there were 
magnetometers and dust-particle-impact detectors on board. 

A lot happened on the ground as well. More than 1000 professional 
and 1200 amateur astronomers from 54 countries were part of the In- 


ternational Halley Watch. They exchanged observations and co-ordi- 
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nated observing projects. In 1986, Comet Halley became one of the 
most observed comets in history. 

For most of the general public, however, it was a different story. 
Admittedly there were, in the USA for example, enormous ‘Comet 
Parties, such as the gathering in Jones Beach, New York, which drew 
as many as 40 000 visitors, who wanted to ‘welcome’ the comet. But 


most people were disappointed by the low brightness and the diff- 


cult observing conditions. Many amateur astronomers deliberately 
cheated the latter by flying to the southern hemisphere, where they 
obtained many splendid photographs. For German-speaking ama- 
teur astronomers this was the start of astro-tourism in Namibia, sin- 
ce when every year astrophotographers, including those without any 


cometary interest, observe under the dark skies of south-west Africa. 


The first direct images of a comet's nucleus caused a sensation in March 1986 with the fly-by of the European Giotto probe. Halley's 


Comet was found to be an irregular, potato-shaped lump 15 km x 8 km x 8 km. Only portions of the surface were active at the time of 


the fly-by (bottom left). Modern image-processing shows the overall view with the innermost tail cocoon (below), while the contour 


images (bottom right) reveal the outline. 
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On 14 January 1986 





A The comet's gas tail on 9 December 1985, photographed with the 
European Southern Observatory’s 1-m Schmidt telescope. 


> The dynamic development of the tail, typical of Comet Halley, on 
8,9 and 10 March 1986. This sequence was also obtained at the ESO. 








< Comet Halley on 10 January 1994, eight years after its major 
apparition. Ata distance of 18.8 AU itis seen as no morethana 
tiny speck at the limits of detectability, between the star trails. 


CCD-image from the 3.6-m NTT (New Technology Telescope) 
at the European Southern Observatory. 


Photographs through red, green and blue filters which show detail in the tail of the comet. The dust structures have a reddish tint, 


whereas the gaseous portion are blue. 





¥ Comet Shoemaker-Levy 9 1994 


his comet is an exotic among those in this book, because few people saw it themselves. Yet its effect on 


mankind and our understanding of motion in the Solar System has been enormous. For the first time 


the way in which two celestial bodies collided was actually observed. The comet, which had been bro- 


ken into individual fragments by the tidal forces of Jupiter, hit the giant planet like a volley of shot. On Eartha 


wide section of the public watched, entranced, at what was then a unique spectacle. 





By any standards, Comet Shoemaker-Levy 9 was an extraordinary comet. Captured by Jupiter's gravity, which fractured it, a whole 


chain of comets orbited the largest planet in the Solar System. 





Number: 27 

Designation: D/1993 F2 
(Shoemaker-Levy) 

Discovery date: 24 Mar 1993 


Discoverer: 


Perinelion date: 


Carolyne and Eugene 
Shoemaker, David Levy 





Perihelion distance: 
Closest Earth approach: 
Minimum Earth distance: 
Maximum magnitude: 
Maximum tail length: 


Longitude of perihelion: 


Longitude of ascending node: 


Orbital inclination: 


Eccentricity: 


5.3805 AU — 5.3794 AU 


12 

1! 

354.9° — 355.0° 
220.5° — 220.9° 
6.0° — 5.7° 
0.9986 


Orbit and visibility 


D/1993 F3, generally known as Shoemaker-Levy 9 or, abbreviated, as 

SL9, was discovered as a satellite of Jupiter. It was the first discovery 
of a comet in orbit around a planet. By calculating the orbit back- 
wards, it is now accepted that the comet had been orbiting Jupiter for 
20 to 30 years. The gravitational force of the largest planet in the So- 


lar System had diverted it from its original orbit and caused it to be 


‘captured’ by Jupiter. The perihelion of the original orbit must have 


been in the asteroid belt between Mars and Jupiter, and aphelion 
somewhere near Jupiter’s orbit. At one of the aphelion passages, Ju- 
piter’s gravity must have bound the comet to the giant planet. On 8 
July 1992, a very close pass of the comet to Jupiter took place, when 
Shoemaker-Levy 9 grazed the planet, just 40 000 kilometres above 
the cloud deck. As it did so, the comet came under the influence 


of the strong tidal forces and was ripped into multiple fragments. 


The resulting orbit made a collision with Jupiter unavoidable. Shoe- Discovery and observations 
maker-Levy 9 now reached a distance of no more than 50 million 


kilometres from the planet. The new orbital periodamountedtotwo __D/1993 F2 was found by the most successful team of comet discoverers 
years, and led to a direct collision with the giant planet on its next — of the twentieth century. The Canadian author and science journa- 
pass of Jupiter. Between 16 and 22 July 1994, the fragments ofthe co- _ list David H. Levy had already made his name with numerous comet 


met crashed into Jupiter at a velocity of 216000 kilometres perhour. discoveries in the 1980s. ‘The pair of scientists, Carolyn and Eugene 


< After its discovery the ‘string of 
pearls’ formed by the fragments of the 
comet continued to grow in length. 


Vv Thecometas a fine line (just past the 
4 o'clock position) at the beginning of 
July 1994, a few weeks before its im- 
pact with the giant planet. 
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Shoemaker, had been engaged for more than ten years in the search 


for minor bodies in the Solar System. 

The Shoemakers and Levy had planned to search for near-Earth 
small bodies on photographic plates that had been taken with the 460- 
mm (18-inch) Schmidt telescope at Mount Palomar. During a rout- 
ine examination of the plates on 24 March 1993, Carolyn Shoemaker 
saw an object that looked ‘like a squashed comet’. It was only 4° away 
from Jupiter and measured 50" x 10". 

It was, by then, the eleventh comet discovery by the successful trio. 
The comet was subsequently found on other images back to 15 March 
1993. It shape was unusual. The object looked like a string of pearls 
made from nebulous spots. The overall magnitude was only 14. 

Better images just a few days later showed the fragmented comet as 
a chain of more than ten pieces. Later, as many as 21 comet fragments 
were identified and given the designations A to W (land O were omit- 
ted). Over time, the portions of the comet drifted away from one an- 
other. In January 1994, the extent of the cometary chain was just 3; in 
June it had reached 8. Many observers succeeded in visual sightings. 
The comet was even seen with a telescope aperture of just 150 mm. 
The magnitude amounted to 12 at the most. 

Impact with Jupiter between 16 and 22 July 1994 took place on the 
farther side of the planet. The first impact was expected at 20:13 UT 
on 16 July. A gigantic fireball, 3000 kilometres in height, and lasting 
about half a minute was recorded by the Galileo space probe, which 
was ina favourable’ position behind the planet. Further impacts oc- 
curred in the hours and days that followed, which were thus distri- 
buted over several of Jupiter’s approximately 10-hour rotations. The 
impact sites at high southern latitudes overlapped to a certain extent. 

Large, dark spots appeared in Jupiter’s atmosphere at the impact 
sites, which reached sizes of up to 12 000 kilometres across. Sulphur 
compounds were the principal species detected, as well as iron, mag- 
nesium and silicon. In contrast, hardly any of the water expected from 


the comet was detected. The comet also triggered a temporary increa- 
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Because the impacts took place 
on the far side of Jupiter, they 
were not visible directly from 
Earth. Only the Galileo Jupi- 
ter probe had a direct view of 
the events. 


se in polar auroral activity on Jupiter. The impact scars could even 
be seen clearly with small amateur telescopes - admittedly the latter 
were unable to see the comet itself, but its consequences could be ex- 
perienced and were most impressive. After several weeks, the traces of 
the impacts on Jupiter’s clouds faded and eventually completely dis- 
appeared. The comet did not leave any lasting changes in the circula- 


tion system on Jupiter. 


Background and public reaction 


Shoemaker-Levy 9 was a large comet. The original body had a diame- 
ter of about 5 kilometres. After the nucleus fractured, the overall di- 
mension even increased. The more than 20 fragments with sizes bet- 
ween 200 metres and 2 kilometres stretched, before impact, over a 
length of 5 million kilometres. 

It was already clear in the summer of 1993 that collision with Jupi- 
ter would occur a year later. As such, both science and the media had 
enough time to prepare for this great event. While astronomers got 
everything ready that the arsenal of space astronomy had to offer, it 
was, above all, the early Internet that contributed to the hype about 
the impacts. The Galileo Jupiter probe offered the possibility of di- 
rectly observing the series of impacts. In addition, the new Hubble 
Space Telescope — whose capability had been restored to its initially 
planned state by a service mission in 1993 — followed the event. The 
results were made available on the Internet in almost real time — the 
comet impacts were one of the first Internet storms. 

The first directly observed impact of one celestial body on another 

— with 600 times the strength of the world’s total nuclear arsenal - 
did, however, renew anxieties about impacts on Earth. In subsequent 
years, numerous publications made use of this fear, and capitalized 
on the forthcoming end of the millennium and the resulting wave 


of mysticism. 


Jupiter 16 July 1994 


2021.5-0T Nicadalelars 


20218 WT 


AGES ‘YT 


20:24 UT Violet 


20:27 UT 


Wide Field Planetary Camera 2 


Hubble Space Telescope 





A The Hubble Space Telescope was able to obtain images of the 


impacts at various wavelengths. 


Kuropean Southern Observatory 


3.6m (TIMMID) 


July 18, 20:11 UT 


li) microns 





A After they had rotated onto the facing side of Jupiter,theimpact A Theimpacts were seen more clearly in the far infrared than 
sites showed as striking dark spots. in the visual spectral region. This image was obtained by ESO's 
3.6-m telescope at La Silla in Chile. 
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| La Comet Hyakutake 1996. 


s a phenomenon in the second 

half of the twentieth centu- 

aA f. Jry it) was unsurpassed. Hya- 

: ‘| }) kutake took everyone who was lucky 
‘| enough to see it during the days when 
it was closest to Earth in March 1996 by 
J surprise. The bluish comet gleaming 
j directly overhead, and with a gigantic 
tail that spanned the sky above an icy 

winter landscape, remains an unforget- / 
table experience. The almost ominous 
impression resembled the broadsheets 
of former centuries: so mighty may the 


/ phenomenon of a comet appear. 


} / 


/ 


/ | 
A comet par excellence. A detailed image of Comet 


Hyakutake. Gerald Rnemann 


/ 











Number: 28 
Designation: C/1996 B2 Hyakutake 
Discovery date: 30 Jan 1996 
Discoverer: Yuji Hyakutake 
Perihelion date: 1 May 1996 
Perihelion distance: 0.23 AU 
Closest Earth approach: 25 Mar 1996 
Minimum Earth distance: 0.10 AU 
Maximum magnitude: -0.8 
Maximum tail length: 100° 
Longitude of perihelion: 130.2° 
Longitude of ascending node: 188.1° 

Orbital inclination: 124.9° 
Eccentricity: 0.9997730 


Orbit and visibility 


Hyakutake’s appearance in 1996 was not its first visit to the Sun. Be- 
fore this apparition, the comet had an orbital period of 15 000 years 
with aphelion at a distance of 1300 astronomical units. Altered by pla- 
netary perturbations during its perihelion passage in 1996, the orbit 
was elongated with aphelion now at 3500 astronomical units from the 
Sun. Comet Hyakutake will visit us again in 72 000 years. 

Hyakutake’s visibility was favoured by its relatively small perihelion 
distance of about one quarter of the Earth’s distance from the Sun, as 
well as by its small separation from the Earth of a few million kilo- 
metres. Because its closest approach to Earth occurred significantly 
before perihelion, the comet's path took it far from the Sun into the 
dark night sky. 

At its discovery C/1996 B2 
was in the constellation of Libra, 
in which it remained until 20 
March 1996. From the third week 
of March, it began to change its 
position towards the north. The 
comet crossed the constellations 
of Boétes and Draco and final- 
ly arrived near the North Celes- 
tial Pole in the constellation of 
Ursa Minor. 

Two days after its closest ap- 
proach to Earth, on 27 March 
the comet passed just 4° from 
the Pole Star. As such, for obser- 
vers at northern locations, it was 
high in the night sky at the per- 
iod of greatest brightness. Nei- 


ther moonlight nor twilight interfered, so that Hyakutake could be 
observed throughout the night. 

In the last days of March, C/1996 B2 travelled south along the boun- 
dary between Cassiopeia and Camelopardalis. At the beginning of 
April it passed into Perseus, and at the end of the month it encounte- 
red the Pleiades and Venus in Taurus in the evening sky. The follow- 
ing passages past Mercury and the crescent Moon were better seen 
from southern locations. 

After perihelion on 1 May, in which the comet was very close to the 
Sun and could not be seen, it plunged into a southern declination in 
the constellation of Cetus after 9 May. Moving away from both the Sun 
and the Earth, during the next few weeks the comet passed through 
the constellation of Eridanus and even deeper into the southern sky. 
The last observations were reported when it was in the constellation 


of Triangulum Australe near the southern Milky Way. 


Discovery and observations 


On the morning of 30 January 1996, the Japanese amateur astrono- 
mer Yuji Hyakutake scanned the sky above his southern Japan home 
with giant 25x150 Fujinon binoculars. He scrutinized a point in the 
constellation of Libra, where, a month before, he had discovered his 
first comet, C/1995 Y1. Only 3° distant from the position of his first 
triumph, Hyakutake once again found an unknown nebulous patch. 
At discovery, Hyakutake’s second comet was magnitude 11 and 2.5' 
across. Later, the comet was found on a photograph taken before its 
discovery on | January by the Japanese astronomer Kesao Takami- 
zawa, with a magnitude of 13, and 1 in extent. C/1996 B2 became 
continuously brighter and larger. At the beginning of February its 
magnitude had already climbed to 9, and it was 7' in size. Shortly af- 


terwards, the comet had already progressed to being visible in bino- 
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culars, and by the end of the month, at a magnitude of 6, it could be 
seen with the naked eye under dark skies. Through a telescope, a tail, 
1° in length could already be seen. 

In the middle of March, after the Moon had left the sky, the most 
spectacular phase of visibility began. On 19 March, C/1996 B2, alrea- 
dy at magnitude 2.5 was visible with a significant tail. In the follow- 
ing days, the comet became recognizably brighter by the day, and mo- 
ved ever faster. The 0 magnitude mark was passed on 24 March, and 
at its closest approach to Earth on 25 March, the maximum value of 

—0.8 was reached. 

The comet presented a magnificent sight at this stage. The coma, 
about 1.5° across, shone with a bluish-green light, and from it sprang 
a bluish gas tail, which was continually getting longer. On 23 March 
it measured 45° long, on 25 March it was seen to be between 50° and 
80°, and on 26 March it reached a length of 90°. For two or three nights 
there was the overwhelming sight of the comet apparently stretching 
right across the sky. 

At closest approach to Earth, the comet raced across the sky with an 
apparent velocity of 1° per hour and changed its position significantly 
during the course ofa single night. Spiral-shaped jets near the nucleus 
were Visible, even through binoculars. Spectacular structures accom- 
panied a tail disconnection event on 24 March. The separated portion 
of the tail was clearly visible with the naked eye as knots in the tail. 
Similar events had already occurred on 28 February and 10 March. 

On 27 March the magnitude of the comet was about 0.5, and the 
tail was seen to a length of between 45° and 70°. On 30 March this 
value had dropped to 30°, and the magnitude was down to 1.5. Until 
the middle of April the magnitude sank even lower to below 2.5, but 
however rose again after perihelion. At this period, the tail appeared 
to most observers at a length of between 10° and 15°. In April, the pre- 
viously observed gas tail was joined by a faint dust tail, about 5° long. 

On 15 April there was a striking magnitude outburst. At the end of 
April, C/1996 B2 again reached a magnitude of 2. The comet could be 
followed until the 28 April, when it was 12° from the Sun - this end- 
ed its visibility for European observers. Passage past the Sun could be 
followed over the Internet, thanks to the SOHO solar observational 
satellite that had recently been launched into space. This showed the 
tail to be triple, and the magnitude of the comet had again reached 0. 

After perihelion, the comet was seen from southern locations until 
9 May, at magnitude 3. In comparison with the head, the tail was now 
significantly brighter than before perihelion. In the middle of May it 
still exhibited a length of 4°. 

Until the end of June 1996, Hyakutake’s Great Comet could be fol- 
lowed by the naked eye. On 1 July its magnitude still amounted to 7, 
but by 1 September it had dropped to 11. The last photographic image 
in October 1996 showed it at magnitude 17. 
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Background and public reaction 


Comet Hyakutake’s apparition was marked by its sudden appearance 
and the short period of its high point of about a week at the time of 
closest approach to Earth. The small distance of only 40 times furth- 
er than Moon and the path ofits orbit away from the twilight zone led 
to the comet's great brilliance. Bad weather in Central Europe largely 
prevented any widespread effect on the general population. Another 
contribution was the low surface brightness of the tail, which only 
displayed its enormous length under dark skies, but which was hard- 
ly visible in light-polluted areas. 

C/1996 B2 was, with the diameter of its nucleus less than 3 kilome- 
tres, rather a small comet. Its activity was above average, as the jets 
and tail disconnection events that were recorded by the Hubble Space 
Telescope, showed. Comet Hyakutake emitted up to 10 tonnes of ma- 
terial per second, with a velocity of up to 500 metres per second. The 
blue light was primarily caused by C2-emission and ionized carbon 
monoxide. In addition, the comet contained large fractions of metha- 
ne and ethane - possible evidence of the chemical composition of the 
early stages of the Solar System. 

One novelty was the X-ray emission discovered with the ROSAT 
satellite, and which probably arose from the interaction of the comet 
with the solar wind. The tail was 80 million kilometres long in April. 


The nucleus rotated on its axis with a period of 6 hours 13 minutes. 





The perihelion passage of the comet at the beginning of May 1996 


could be followed on images from the SOHO solar probe. 
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properties of Comet Hyakutake. Tony und Daphne Hallas 





The straight tail, stretching across half the sky was particularly impressive from dark locations. Stefan Binnewies, Peter Riepe (top), 
Uwe Wohlrab (below left), Gerald Rnemann (below right) 
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The enormous length of the tail 





Tail disconnection events were a characteristic feature 
of Comet Hyakutake, particularly the event on 24-25 
March (colour images). Bernd Liebscher (above), Jerry 


Lodriguss (below), Nornbert Mrozek (top left), Gerald 


Rhemann (centre left and bottom left) 
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ever before have so many 
people followed a comet for 
sucha long time. Hale-Bopp 
was visible in the sky to the naked eye 
— for 17 months-At the time of its greatest 
brightness for several weeksat was vis- 
ible the whole night from Central Eu- 
rope and, with its bright gas and dust 
tails, it offeréd a perféct example of a 
spectacular comet. Comet Jus E-W Cor oX0) 0) 
was also a record in other respects. It 
_possesséd a nucleus (hatte five times 
the size of Comet Halley’s, and it pro- 
duced a large quantity of dust and gas, 
hardly equalled by any other comet be- 
fore it-Eleven years after Comet Hal- - 
ley, Comet Hale-Bopp fulfilled what 


the formér comet had merely promised. 
ao wee 
“eo 


we 
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Ye me 
Comet Hale-Bopp was impressivetecause of itsSright dust tail 
and the structures within the gas tail, as seen here on 2 April 1997. 
Stefan Binnewies, Bernd aaeca 
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Number: 29 

Designation: C/1995 O1 Hale-Bopp 
Discovery date: 23 Jul 1995 
Discoverers: Alan Hale, Thomas Bopp 
Perihelion date: 1 Apr 1997 

Perihelion distance: 0.914 AU 

Closest Earth approach: 22 Mar 1997 

Minimum Earth distance: 1.51 AU 

Maximum magnitude: —0.7 

Maximum tail length: 25° 

Longitude of perihelion: 130.6° 

Longitude of ascending node: 282.5° 

Orbital inclination: 89.4° 

Eccentricity: 0.9951279 


Orbit and visibility 


Comet Hale-Bopp did not make its first visit to the Sun’s neighbour- 
hood in 1997. Its orbit, almost at right-angles to the Earth’s orbit had 
brought it into the inner Solar System 4265 years previously. Because 
ofa near approach to Jupiter on 5 April 1996 the orbit was greatly alter- 
ed, and the next return is expected after 2404 years, in the year 4401. 
At the same time, the orbit shrank, with aphelion distance being redu- 
ced from 525 to 368 astronomical units. Comet Hale-Bopp has under- 
gone repeated perturbations by the planets in the past. 

C/1995 Ol was, at the time of its discovery, in the constellation of Sa- 
gittarius near the Milky Way. Because it was discovered at a very great 
distance from the Sun, it hardly moved in the first months, and only the 


motion of the Earth around the Sun was mirrored in the comet’s orbital 


loop in 1995. In November 1995 the first of numerous periods of visi- 
bility of the comet came to an end, as it faded into the evening twilight. 

At the beginning of January 1996, as seen from Earth, the Sun passed 
just 2° away from Comet Hale-Bopp. In the following summer, the co- 
met was again to be seen in the constellation of Sagittarius. In Novem- 
ber 1996 the second period of visibility came to an end. 

On 3 January 1997, there was the second solar conjunction, this time 
at a distance giving a separation of 27°, because the comet was north of 
the Sun in the constellation of Aquila. Now the best visibility of C/1995 
O1 followed. Initially in the morning sky in the constellation of Sagit- 
ta, the comet then passed during March and April 1997 along the au- 
tumn Milky Way from Sagitta into Andromeda. In doing so, it moved 
to ever greater northern declinations, and for locations with latitudes 
of 45° north or greater it became circumpolar, and thus visible through- 
out the night. So closest approach to Earth on 22 March, as wellas peri- 
helion on 1 April, occurred under extremely favourable conditions for 
Central Europe. The Moon interfered with observations only at the end 
of March and the end of April. 

At the end of March, Comet Hale-Bopp passed the Andromeda 
Galaxy, M31, at a distance of just 5° - a much-photographed event. In 
April the comet again moved south and crossed the constellations of 
Perseus, Taurus and Orion to its third conjunction with the Sun. In the 
middle of May it was last seen from Europe. 

In June, Comet Hale-Bopp moved to southern declinations, so aft- 
er solar conjunction the comet could be seen only in the southern sky. 
Located in the constellation of Puppis from August to October 1997, it 
had one last period of unfavourable morning visibility for observers in 
the northern hemisphere, whereas farther south, the comet could be 
easily observed. At the end of the year it had reached the constellation 
of Dorado, so that the view of the comet as it retreated from the Sun 
and the Earth, in the years following, was reserved for observers deep 


in the southern hemisphere. 
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Discovery and observations 


Comet Hale-Bopp is one of the most wonderful examples of how 
amateur astronomers may, by accident, become discoverers. In this 
case it was two American observers who found the comet indepen- 
dently of each other. On the night of the 23 to 24 July 1995, both, by 
chance, had their telescopes pointed at M70, one of the rather unim- 
pressive globular clusters in the constellation of Sagittarius. 

Alan Hale had already been considerably involved in the search 
for comets. He had monitored the sky for comets for 400 hours, but 
had given up searching, and had instead concentrated on following 
comets that had already been discovered. As such, he had already 
observed over 200 comets. On 23 July another was to be followed. 
Hale had got his 16-inch Dobsonian ready. But his target object was, 
however, too low on the horizon, so Hale intended to pass the time 
by looking at M70. 

On the same night, Thomas Bopp also pointed his telescope at 
M70. It was not even his own telescope —- Bopp was observing clust- 
ers and galaxies with a group of friends using a 17.5-inch Dobsonian. 
Bopp had not seen a comet before - until that night. 

Both amateurs noticed a nebulous patch, at magnitude 10.5, and 2' 
across, not far from M70, that was not on their star charts. Over the 
course of the night, Hale detected a slight change in position, and 
was the first to report the comet. He thus became the first in the list 
of names of the discoverers. 

The comet could already have been discovered significantly ear- 
lier. An image by Robert McNaught from Siding Spring Observato- 
ry showed it an unbelievable four years earlier on 27 April 1993, ata 
brightness of 18 and 20" in extent. 

By November 1995, the brightness had risen slightly to magnitude 
10, and a tail, 10' long, had formed. Because of the comet’s enormous 
distance, still far beyond Jupiter’s orbit, it was obvious that either a 
very large or very active comet must be involved. Five smaller out- 
bursts of brightness in 1995 confirmed this. 

In January 1996 after its reappearance from the glare of the Sun, 
C/1995 O1 was observed at a magnitude of 9. This value increased 
throughout the course of 1996, to magnitude 8 in April and 6.5 in 
May. In spring 1996, Comet Hale-Bopp could be seen even with bi- 
noculars, and by May sightings with the naked eye were reported. 

On 7 June, Comet 22/P Kopff passed the field of C/1995 O1, mov- 
ing within 3° of the latter. The periodic comet was then in the back- 
ground, and appeared fainter than Comet Hale-Bopp, which was 
moving towards the Sun. Both could be seen in binoculars at the 
same time. 

From June to September 1996, the brightness of Comet Hale-Bopp 
stagnated. If its approach is taken into account, there was actual- 
ly a decline of 0.3 magnitudes. Evidently the comet went through 


a faint phase, and for some time it was questionable whether the 
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great expectations for the period around perihelion would be ful- 
filled. Comet Hale-Bopp finished the year with a magnitude of 4 at 
the beginning of December. 

The first observations after the second solar conjunction banished 
any doubt. On 20 January 1997, Comet Hale-Bopp showed a magni- 
tude of 2.5, and a tail, 2° long was visible. By the beginning of Feb- 
ruary, the magnitude had risen to 2. By the end of February it had 
already reached 1, and a magnitude of 0 was reported at the begin- 
ning of March. The length of the tail rose from 2° to 10°. During the 
total solar eclipse of 9 March 1997, the comet was already as bright 
as the brightest stars and was visible with the naked eye whilst the 
Sun was eclipsed. 

From the end of March to the beginning of April 1997, Comet 
Hale-Bopp was a spectacular sight. Its magnitude reached -0.7 dur- 
ing this period. With well-separated gas and dust tails it was in the 
sky the whole night long, although it was best observed in the eve- 
ning and in the morning. The dust tail, with its high surface bright- 
ness, was clearly seen from towns. Its length reached 20°. The sig- 
nificantly fainter gas tail, however, required dark skies. Visually, it 
appeared whitish, and the striking blue colour seen on photographs 
was hardly detectable. 

At this period the sight of the comet’s head was also spectacular. 
A coma, 15' in diameter surrounded the bright nucleus. Telescopi- 
cally, with medium to high magnifications, numerous bright semi- 
circular shells could be seen around the latter. These are known as 
envelopes and are formed from material ejected from rotating jets. 
These jets eject material only when they lie on the side of the cometa- 
ry nucleus that is turned towards the Sun. The fountains then prod- 
uce a ring at each rotation, so the structure of the envelopes changes 
from one evening to the next. 

During the weeks of best visibility, striae and synchrones develop- 
ed in the dust tail as a result of the activity taking place at the nu- 
cleus, and which resembled similar phenomena seen in Comet West. 
In the meantime, the gas tail became wider and fainter. At the end 
of April it still had a length of 10°. 

From April into May, the magnitude of the comet faded, reaching 
just 2 at the end of May 1997. The length of the tail shortened to just 
1° in June. After solar passage, Comet Hale-Bopp was seen again at 
a magnitude of 3. The length of the tail was 0.5°. By the beginning 
of December, the magnitude of the comet fell to 7. The last observa- 
tions without optical aid are recorded from 9 December 1997. 

In subsequent years, the comet could be followed as its magnitu- 
de declined. In February 1998, its magnitude was still around 8 and, 
until the end of the year, remained within the reach of binoculars. In 
February 2003 it was still magnitude 16. Until about 2020 with cur- 
rent professional astronomical methods, it should still remain poss- 


ible to follow Comet Hale-Bopp on its way into the outer Solar System. 


Background and public reaction 


Even the circumstances suggested that Comet Hale-Bopp would be 
an unusual comet. The visual discovery by Hale and Bopp came at a 
time when the comet was still at an enormous distance of 7.2 astro- 
nomical units. That corresponds to a position between the orbits of 
Jupiter and Saturn. This is the greatest distance at which a comet had 
ever been discovered visually. McNaught’s pre-discovery image would 
have stretched the distance to a tremendous value of 13 astronomical 
units, had it only been recognized at the appropriate time. 

With discovery two years before the expected spectacle, both science 
and the media had enough warning to get ready for the comet. The 
comet's faint phase in 1996, was largely ignored by the media, desp- 
ite many prophesies of doom (dubbed ‘Hale-Flop’), and the real hype 
about the comet began in March. 

A major role in encouraging awareness among the general public 
was the fact that the comet was conspicuous in the night sky for four 
months between February and May - much longer than most comets, 
which are clearly visible for just a few days or weeks. In addition, the 
comet’s favourable position for northern, heavily populated coun- 
tries on Earth was decisive - never before had so many people been 
able to see a comet. With a total of 569 days of visibility, Comet Hale- 
Bopp had the longest period of visibility with the naked eye of any 
comet in history. 

Even at the time of its discovery, the enormous size of the comet was 
clear. Ata distance when the outgassing of many comets cannot even 
be detected, the coma was already three million kilometres in diam- 
eter. The diameter of Comet Hale-Bopp’s nucleus was determined by 
the Hubble Space Telescope to be 40 kilometres in diameter - nearly 
five times the size of Comet Halley. The nucleus rotated with a period 
of 11 hours, 20 minutes. 

At the peak of its activity, C/1995 O1 lost 400 tonnes of dust and 300 
tonnes of water every second — 100 times the amounts from Comet 
Halley. Nevertheless, Comet Hale-Bopp lost only about 0.1 per cent 
of its mass in its encounter with the Sun. 

Comet Hale-Bopp wasa gas-rich comet. It emitted about two to five 
times as much in the form of gas as in dust. Carbon monoxide and wat- 
er vapour were the primary gases detected. Between the gas and dust 
tails a third tail of neutral sodium, 28 million kilometres long, was 
also observed. Comet Hale-Bopp also revealed numerous chemical 
compounds, suchas sulphur dioxide, previously unknown in comets. 

The long preparation time also paid off when it came to scienti- 
fic research. Apart from the Hubble Space Telescope and numerous 
professional observatories, the astronauts on board the Space Shut- 
tle Discovery were able to observe the comet in the middle of August. 

An American sect contributed a tragic and rather macabre chap- 
ter to the history of the Great Comet. Marshall Applewhite and Bon- 
nie Nettles founded a UFO religion at the end of the 1970s that was 
moulded ona crude, esoteric conception of the world, and a life of as- 


ceticism, compulsion and control of the members, who lived commu- 


nally. When the American amateur astronomer, Chuck Shramek, took 
a digital image of Comet Hale-Bopp in November 1966, he asserted 
that he had photographed a ‘Saturn-like object’ in the tail, that was 
not contained in his star-chart software. It was rapidly established that 
Shramek had incorrectly configured his star-charting program, and 
that the Saturn-like excrescence could be explained as perfectly ordi- 
nary background stars, affected by diffraction in the optics used. Ne- 
vertheless Shramek spread his alleged finding countrywide through 
a popular radio show, so that it was readily taken up by other conspi- 
racy theorists. Finally, the Internet was full of claims that a UFO was 
heading for Earth in the tail of the comet, but that this was knowing- 
ly concealed by NASA and scientists. 

For the members of the Heaven’s Gate sect this was the long-await- 
ed signal to ‘leave’ the Earth. In March, the sect’s founder, Applewhite, 
announced a group suicide on the sect’s Internet site. On 26 March, 39 


corpses, including that of the founder, were found at the sect’s prop- 


erty near San Diego, California. 





The photograph by Chuck Shramek (top) with the image of the al- 
legedly ‘Saturn-like’ object (the star with the diffraction spikes on 

the right) alongside the comet, that unleashed the UFO hysteria 

surrounding Comet Hale-Bopp. It ended with the mass suicide by 

the Heaven's Gate sect. 
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Various stages of the comet's development. Comet Hale-Bopp on 
5 October 1995 (top) before perihelion and on 18 June 1999 (cen- 
tre), 5 January 1998 (right), and 6 March 2001 (bottom) after peri- 


helion, taken by professional observatories. The image from 1998 
shows a distinct anti-tail. 
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Comet Hale-Bopp in April 1996, je) aXelcolene- he) al=re mma colaa tm i- lok 


tenberg Observatory. The tail structures were enhanced by 


unsharp masking. .° ™ : > we 





At the time of greatest brightness, the dust tail could be clearly seen in twilight or even over cities. Bernd Liebscher (above), Christoph 


Ries (below) 





A At dark locations, the gas and dust tails could be clearly distin- WOn 6 April 1996 the comet passed the Double Cluster h and y 


guished. Pekka Parviainen Persei, in the constellation of Perseus. Uwe Wohlrab 








< There is animpressive difference in colourbetweenthebluegas Comet Hale-Bopp over the northern horizon on 1 April 1997 (above) 
and white dust tails on 1 April 1997 Gerald Rnemann (opposite left), and 27 March 1997 (below). Stefan Binnewies, Bernd Schroter 


Norbert Mrozek (opposite right) (above), Gerald Rhemann (below) 





Long exposures of the tail structures on 7 March 1997 (above)and Drawings ofthe tail structures on 1 April 1997 (above) and 8 April 


8 April 1997 (below). Philipp Keller 1997 (below), using a 14-inch telescope. Ronald Stoyan 





A The asymmetrical distribution of bright- 
ness is clearly shown in this photograph of 10 

March 1997. The brightest region is marked by 

the shells, known as envelopes. Bernd Koch 


< Drawing of the nuclear region on 15 April 


1997 through a 14-inch telescope. The semi- 
circular shells or envelopes become brighter 
towards the almost star-like false nu- 
cleus. Ronald Stoyan 





¥ Comet McNaught 2007 


he last great comet to date appeared on the celestial stage in 2006, but only became a major 
spectacle in January 2007. Even though it was visible for just a few days in daylight, it is among 
the brightest comets ever observed. The impressive tail, the rays of which resembled those of 
the comets of 1744 or 1976, first displayed its full splendour after perihelion and only for the inhabi- 
tants of the southern hemisphere. For Europeans there was only a pale echo of that splendour in the 


rather ghostly glow of the tips of the tail above the winter horizon. 
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Number: 30 

Designation: C/2006 P1 McNaught 
Discovery date: 7 Aug 2006 
Discoverer: Robert McNaught 
Perihelion date: 12 Jan 2007 
Perihelion distance: 0.171 AU 

Closest Earth approach: 15 Jan 2007 
Minimum Earth distance: 0.81 AU 

Maximum magnitude: —9.9 

Maximum tail length: 55° 

Longitude of perihelion: 156.0° 

Longitude of ascending node: 267.4° 

Orbital inclination: 77.8° 

Eccentricity: 1.0000183 


Orbit and visibility 


C/2006 P1 was discovered on 2006 when it was opposite the Sun in the 
constellation of Ophiuchus, near the summer Milky Way. The first or- 
bital calculations showed a perihelion distance comparable with that 
of the planet Mars, but further observations soon revealed that the 
comet would follow an orbit with perihelion at just 0.17 astronomical 
units. With this perihelion, significantly inside the orbit of Mercury, 
a very bright cometary apparition could be expected. 

In September 2006, Comet McNaught moved to the borders of the 
constellation of Scorpius. At this southern location it was difficult for 
observers in the north to catch sight of the comet. In October and 


November the visibility conditions deteriorated for observers in the 





southern hemisphere as well, because it was getting closer to the Sun. 
Finally, the first phase of visibility came to an end in the evening twi- 
light in the middle of November 2006. 

At the end of December 2006, the comet could again be seen, in the 
morning sky, a very short distance from the Sun. For European ob- 
servers, however, unfavourable observing conditions near the hori- 
zon persisted, because of the comet’s southern location. In the second 
week of January there was a second visibility window, low in the west- 
ern evening sky. Despite the small distance from the Sun of less than 
15° during the whole of this second phase of visibility, the comet was 
easier to see, because of its rapidly increasing magnitude. 

After 10 January, the comet neared the Sun. After perihelion on 12 
January, there was a solar conjunction on 14 January, at a distance of 
5°. Forward scattering of sunlight by the particles in the tail increas- 
ed the brightness of the comet considerably, so that on 14 January it 
reached its maximum magnitude of about -5.5. On 15 January, the 
comet was closest to the Earth. The distance, at about 0.8 of the dis- 
tance from Earth to the Sun, was slightly closer than that of Comet 
Hale-Bopp ten years previously. 

After 14 January, the comet moved into the southern sky, and in the 
third phase of visibility, the comet remained unobservable for Euro- 
pean observers. After 15 January, inhabitants of the southern hemi- 
sphere could marvel at it in the south-western evening sky during the 
period when it was at its greatest brightness. The comet remained an 
evening object in the southern sky until July 2007, when it was last 
seen in the constellation of Musca. 

The orbital period of C/2006 P1 is thought to be 92 000 years, with 
the comet being significantly accelerated by its passage past the Sun 
in 2007. 
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Discovery and observations 


C/2006 P1 was the 35th comet discovery by the Scottish-Australian 
professional astronomer Robert McNaught and the 31st to carry his 
name. Like most of these comets, C2006 P1 was found photograph- 
ically on images taken for the Siding Spring Survey, an automatic 
monitoring of the southern sky for near-Earth asteroids (NEAs). It 
was carried out at the observatory of the same name, about 400 kilo- 
metres northwest of Sydney. 

At discovery the comet was the faint magnitude of 17.3, and hardly 
20' across. Its distance from the Sun at discovery was more than 3.5 
times the Earth’s distance. 

Initially there were fears that McNaught’s promising discovery was 
too faint to develop into a truly great comet when near the Sun. Two 
months after discovery it was still only magnitude 12, and no more 
than 5' across. By the end of the first phase of visibility in November 
2006, the brightness had only risen to about magnitude 9. 

On its return to the sky before Christmas 2006, the magnitude had, 
however, already risen to 4, and it size had increased to 0.5° across. As 
such, the comet could now be seen, under good conditions, with bino- 
culars. The magnitude now rose rapidly to about 1.5 on 5 January. The 
nucleus in particular became significantly brighter and a tail formed, 
about 1° long. Because of the difficult observing conditions with the 
comet being close to the horizon and also near the Sun it was a difficult 
object for naked-eye observation, and was only occasionally detected. 

In the second week of January the rate of brightness increase itself 
rose. The comet now brightened at 1 magnitude per day. As such, as- 
suming an appropriate view of the horizon, it became a significant ob- 
ject in the bright morning or evening twilight. Most of the observa- 
tions from Europe were made during this period, with the comet often 
seen low over hills or towns. 

On 13 and 14 January C/2006 P1 reached its peak magnitude at 

—5.5. It then was close to the Sun and for almost the whole world, was 
only visible at the same time as the latter. But for high northern lati- 
tudes there was just the possibility of seeing the comet for a short time 
in the very bright twilight. Numerous observers reported successful 
sightings of the comet in the daytime sky. Between 12 and 14 January 
it was easy to see with binoculars and could also be made out with the 
naked eye, ifthe Sun was hidden. Frequently it was taken for a conden- 
sation trail, because its short, comma-like shape greatly resembled one. 

Up to then the comet had remained an object for specialists, who 
could find it near the Sun with optical aids, and could exercise the ne- 
cessary precautions in doing so. The following impressive phase, which 
earned Comet McNaught its place among the great comets, was re- 
served primarily for observers in the Earth’s southern hemisphere. 

At a magnitude of about —3, the comet dived back into the sou- 
thern sky - sufficiently to make it immediately visible to the naked 
eye. In doing so, it developed a spectacular tail that changed from 
evening to evening. On 17 January it was detected at a length of 3°, 
one day later it was already 15°, on 20 January, 20° and on 23 Janua- 


ry, 35°. The wide, fan-like tail resembled the appearance of Comet 
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West, 31 years previously. The numerous tail rays (striae), produced 
the impression that there “were eight to ten comets simultaneously 
visible”, as the American observer Stephen James O'Meara noted on 
20 January from Hawaii. 

Unique in the history of the appearance of the great comets as far as 
many observers were concerned was, above all, the 90° arc described 
by the tail. As such, the northernmost portions of the tail were even 
visible above the horizon from Europe, while the comet’s head was 
invisible below it. The last time such a phenomenon had appeared in 
the European sky was with the Great Comet of 1744. 

Nevertheless, the lavish splendour soon waned. At the end of Jan- 
uary, the magnitude of the comet had already dropped to 2. At the 
beginning of March it was only 6. While the tail remained clearly 
visible at the same time, still with a length of 10°, the head of the co- 
met could no longer be seen with the naked eye. In February, C/2006 
P1 formed an anti-tail, clearly visible telescopically, that was 12' long, 
which could be attributed to the sight geometry and to the particles, 
released by the comet, that lay between it and the Sun. By the middle 
of 2007 the magnitude had finally declined to 10. The last observa- 
tions were from the Australian Kambah Observatory on 11 July 2007. 


Background and public reaction 


The phenomenon of the Great Comet of 2007, and thus its effects, were 
confined to the general public only in the Earth’s southern hemisphere. 
In Europe and the USA, the brightest phase occurred in the daytime 
sky or in deep twilight. It was, therefore, largely ignored by the media. 
Numerous observers travelled south after the comet as it was vanish- 
ing southwards following perihelion in the middle of January. This 
was how the impressive photographs were obtained by American and 
European photographers from locations such as Chile and Namibia. 

Comet McNaught was the first great comet that was primarily fol- 
lowed by amateurs using CCD-cameras. This technology, restricted to 
professional astronomers at the time of the apparition of Comet Hal- 
ley, had developed greatly and replaced the former chemically based 
photography that was still used for Comet Hale-Bopp in 1997. By ex- 
changing digital images via the Internet, it was possible for members 
of the amateur comet scene to rapidly exchange information on the 
position and magnitude of the comet. 

Extensive professional research was carried out by ground-based ob- 
servatories. The solar observatory SOHO was able to record the pas- 
sage of the comet close to the Sun - and the event could be followed 
live on the Internet. Rather unintentionally, the Ulysses probe was 
caught in the tail of the comet on 2 February. Asa result, O} was de- 
tected in a comet’s tail for the first time. Moreover, researchers were 
surprised at the strong influence of the comet on the solar wind, who- 
se velocity was almost halved, although the nucleus of the comet was 
at a distance of 100 million kilometres. C/2006 P1 possessed a large 
fraction of dust. A plasma tail could not be observed but, as with Co- 
met Hale-Bopp, tails of neutral iron and sodium, which appeared par- 


ticularly strongly in the spectrum, were both detected. ‘The tail rea- 


ched its maximum extent on 19 January, with a length of 150 million 


kilometres, and was 65 million kilometres wide. 


> At perihelion on 12 January 2007 the comet entered the field of 
view of the SOHO solar probe. 


Vv The comet in bright twilight on 10 January 2007 above Graz in 


Austria. Burkhard Leitner 2007/01 1 yastsy| 





Typical views of the comet in the middle of January at perihelion. Because of the close vicinity of the Sun, observations were possible 


only in twilight or in the daytime sky. Unknown photographer 





A By 17 January 2007, the tips of the comet'stailstretchedintothe VW Until 22 January 1997 it was also seen in Europe, despite the 


sky above Cerro Paranal in Chile. E. Jehin and A. Correa Moon's glare. Stefan Binnewies 








A On the evening of 22 January 2007 the comet rose above the hills of 
Namibia. D. Ewers 


<¢ At the end of January 2007, Comet McNaught displayed its splendour in the 
southern sky. These two panoramic images (left) were taken at the Paranal Obser- 
vatory of the European Southern Observatory. From one evening to the next, the 
comet rose higher and higher above the evening twilight and formed an impres- 


sive arc in the sky. The Moon is visible at the right edge of the images. S. Deiries 
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The greatest comets of modern times 








Name Designation Perihelion Perihelion Distance Maximum Maximum tail 
date distance to Earth magnitude length 
Great Comet of 1471 C/1471 Y1 1 Mar 1472 0.49 AU 0.07 AU =5 50° 
Comet Halley 1531 1P/Halley 26 Aug 1531 0.58 AU 0.44 AU 0 hey 
Great Comet of 1556 C/1550 D1 12 Mar 1556 0.49 AU 0.08 AU —2 i 
Great Comet of 1577 Cilo77 V1 27 OC 1S/7 0.18 AU 0.63 AU —/ 50° 
Comet Halley 1607 1P/Halley 27 Oct 1607 0.58 AU 0.25 AU —1 10° 
Great Comet of 1618 C/1618 W1 8 Nov 1618 0.39 AU 0.35 AU 0 100° 
Great Comet of 1664 C/1664 W1 4 Dec 1664 1.03 AU 0.17 AU =1 40° 
Comet Kirch 1680 C/1680 V1 18 Dec 1680 0.01 AU 0.49 AU —10 90° 
Comet Halley 1682 1P/Halley 15 Sep 1682 0.58 AU 0.42 AU US 50° 
Great Comet of 1744 C/1743 X1 1 Mar 1744 0.22 AU 0.83 AU = 90° 
Comet Halley 1759 1P/Halley 13 Mar 1759 0.58 AU 0.12 AU 0 47° 
Comet Messier 1769 CH/69 P1 8 Oct 1769 0.12 AU 0.32 AU 0 60° 
Comet Flaugergues 1811 C/1811 F1 1? Sep 1611 1.04 AU 1.22 AU 0 25° 
Comet Halley 1835 1P/Halley 16 Nov 1835 0.59 AU 0.19 AU 1 40° 
Great March Comet of 1843 C/1843 D1 27 Feb 1843 0.01 AU 0.84 AU —10 70° 
Comet Donati 1858 C1856 L1 S0'5e0. 1656 0.58 AU 0.54 AU =o 40° 
Comet Tebbutt 1861 Cii86iJi 12 Jun 1861 0.82 AU 0.13 AU =5 120° 
Great September Comet of 1882 C/1882 R1 17 Sep 1882 0.01 AU 0.98 AU —17 20, 
Great January Comet of 1910 C/1910 At 17 Jan 1910 0.13 AU 0.835 AU =) 50° 
Comet Halley 1910 1P/Halley 20 Apr 1910 0.59 AU 0.15 AU 5 240° 
Comet Arend-Roland 1956 C/1956-R1 8 Apr 1957 0.32 AU 0.57 AU =5 30° 
Comet Ikeya-Seki 1965 G/1965 $1 ZVOCt1965 0.01 AU 0.91 AU =15 45° 
Comet Bennett 1970 CiI969 v1 20 Mar 1970 0.54 AU 0.69 AU 0 2° 
Comet Kohoutek 1973/74 Ci1973.E1 28 Dec 1973 0.14 AU 0.81 AU =—5 25° 
Comet West 1976 C1975 V1 25 Feb 1976 0.20 AU 0.79 AU =5 50° 
Comet Halley 1986 1P/Halley 9 Feb 1986 0.59 AU 0.42 AU 2 Zo 
Comet Shoemaker-Levy 9 1994 D/1993 F2 - - - 12 de 
Comet Hyakutake 1996 Gi1996 BZ 1 May 1996 0.23 AU 0.10 AU = 100° 
Comet Hale-Bopp 1997 i 1995 O01 1 Apr 1997 0.91 AU 1.31 AU =05 a 
Comet McNaught 2007 C/i2006 Pl 12 Jar 2007 0.17 AU 0.81 AU —5.5 oO. 
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Glossary 


anti-tail Tail of a comet, projecting in the direction of the Sun, and 
opposite to the true tail. 

aphelion ‘The point on an orbit that is farthest from the Sun. 
astronomical unit (AU) The mean distance between the Earth and 
the Sun, corresponding to approximately 149.6 million kilometres. 
angular measurement A means of describing distances on the 
sky. 360° corresponds to the measurement of the whole celestial sphe- 
re, 180° to the portion above the horizon. 1° (degree) corresponds to 
60' (arcminutes) or 3600" (arcseconds). The Moon and Sun both sub- 
tend approximately 30' (i.e. about halfa degree). 

circumpolar Stars surrounding the celestial pole that never rise or 
set. The radius of this zone is equal to the geographical latitude of the 
place of observation. In Europe, for example, at a latitude of 50°N, it 
thus reaches 50° from the North Celestial Pole. 


coma The shell of gas and dust that surrounds the nucleus of a comet. 


conjunction ‘The apparent close approach of two celestial bodies 


as seen from Earth. 

declination An astronomical co-ordinate, corresponding to latitu- 
de on Earth. Its value is 0° at the celestial equator, +90° at the North 
Celestial Pole and —90° at the South Celestial Pole. 


eccentricity The deviation of a comet’s orbit from a circle. 


ecliptic The apparent path of the Sun as projected onto the celes- 


tial sphere. The Moon and the planets also move close to the ecliptic. 


elongation The separation between a celestial body and the Sun. Ob- 


jects with small elongations may be observed only in the daytime sky. 


envelopes Shell-like structures in the region of the nuclei of bright 


comets. They are created by jets from the rotating nucleus. 


ephemerides Predictions of the positions of celestial objects. 


218 


falsenucleus The point of light seen in the head of a comet, as view- 
ed from Earth. It is not the actual nucleus, but the bright innermost 
region of the coma. 

iconography Research and interpretation of the content and sym- 
bolism of pictorial art. 

nucleus The true body of a comet, a mixture of dust and ice, a few 


kilometres across, and invisible from the Earth. 


magnitude The unit used for apparent brightness. A difference of 5 
magnitudes corresponds to an actual difference of 1:100. The faintest 
stars visible to the naked eye are about magnitude 6, and the brightest 
star in the sky (Sirius) has a magnitude of -1.4. 


meteoroid A small body in the Solar System, which enters the 


Earth’s atmosphere, and creates a meteor (a ‘shooting star’). 


parallax The angular difference obtained by the observation of a 
near object against the distant background (essentially at infinity) 


when seen from two different locations. 
perihelion ‘The point on an orbit that is closest to the Sun. 


quadrant An instrument for height and angular measurement. It 
consists of a quarter of a circular plate with a scale divided into an- 


gular measurements as well as a plumb line. 


right ascension An astronomical co-ordinate, analogous to long- 
itude on Earth. 
striae Structures in the tail of a comet that arise from repeated re- 


lease of dust from an active region on the nucleus. 


sublimation The transition from the frozen to the gaseous phase 


of any substance. 


synchrones Structures in the tail of a comet that arise from the 


rotation of an active region on the nucleus. 


zenith The point on the celestial sphere directly above the observer. 
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